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shared HERV-K derived antigens, and a pharmaceutically
acceptable vehicle or excipient. Composition comprising
Cytotoxic T Lymphocytes (CTLs) of a patient treated with
such a peptide, or comprising T-cell Receptor (TCR) engi-
neered T cells recognizing such a peptide.

Specification includes a Sequence Listing.

F
-

Appl. No.: 17/273,677
PCT Filed: Sep. 6, 2019
PCT No.: PCT/EP2019/073883
§ 371 (e)(D),
(2) Date: Mar. 4, 2021
A friwane sighatures

18 HERV subtypes

wEnpeorralation

HFEponHvE CoRsiton

o ERv
57 BG



uopgeIsle sAmsod =14 HONRBLIOY 00 =0

psnuijuo] |'oid

US 2021/0330774 Al

L

@
t
I
 §;

4
L
o
i

®
g
4
LLl

Guwe e e e
M‘~F
§v =
r
L

LB
%3
LLL
54
L

I CORERBBO G

Oct. 28,2021 Sheet 1 of 17

oo

X

o

1Ll
sedAqns ANIH 61

}ow oW

Seeene e oB e

/Y 800808800886

iy,

90 s

s

(oA

i
4%%%%@%%%@%%%
/ ¢0 868668680

ar e ey
&
L

£
U

1/ 800000080888
)
%

S,

O,

Q
Ay
el

iﬁQ

2

1034
%%;'

3 %@
50
D10,

Yoy
i/

=
YO0
020y

5
G
Dl
5%
Y
4
'} f:f

by
b6,
eg
7
o5, Voo
oy Ugm
U,
5
%%

i
i &&:;; ,

S,
S

&

o

Sy
ooy

ey, Bl B
=

%

sainjeubis asunwy <

Patent Application Publication
Sy
S



Patent Application Publication  Oct. 28, 2021 Sheet 2 of 17 US 2021/0330774 A1

® ER+
%7 THBC

T _cells

FIG.1 Finished

SNSRI

: ﬁﬁﬁxf-mgw 0

12-
ﬁz}a,"
8
&



US 2021/0330774 Al

Oct. 28, 2021 Sheet 3 of 17

Patent Application Publication

panuljuo] Z'0i4

(3d) 1sweinxeq

oL 0L D}

S. ¥, €

L M0g
L SooL
L M0S1L
| - %002
£6e | 05z
(Av3H) gd 1owenxaQ
5d epnded
gMh Ot oL O
2 A
W 9
i kM08
LMoot
L sost
L Mooz
ol | si0sz
(AWD) g9dd
£0%-56¢d Joweaixaq
pue appded

0101
§ B

ok ;
Mm‘:«m :. VJ i‘ : ok

£

o
- M0S

- Moo}

- M0Sk
- 300z
(AY3H) 5d Jewenxaq
apndad oN
gty Ok (OF O
; T
L M0S
- 004
L M0S 1
L M00Z
i | Mgz
(AWD) s9dd
£05-560d JawenxaQ
apndad oy

Sji90 L +80Q0 U0 D84



Patent Application Publication  Oct. 28, 2021 Sheet 4 of 17 US 2021/0330774 A1

+
+
' i
+
Poom
' .
+
L]
" .
+ T
- )
: o —g
Ty @
' e
+ w
SO X
o
+ o L.
' 0.
+
C o
| ' WU S R ——— ‘
<D L - =t O O = O
(o =t N ®
o
+800+€dO Ul +iswenxaq % o
am



A-N4I
-

0L 0L 0L 0L Ok
O el 2% %% yOr g0 0 OO0

0L O 0L O} 0L

US 2021/0330774 Al

=

€T Th| 1

ik i
e

e o e el el

Oct. 28,2021 Sheet 5 of 17

oy
=

E oai -
0 8v'e

™ N

psnuijuo] g'Dj4

Patent Application Publication

sI193 1 +800




Patent Application Publication  Oct. 28, 2021 Sheet 6 of 17 US 2021/0330774 A1

sa:aé*.‘;a,.....a.n..n.....

ol 4% | | o
< @
3 i
(o) + R4
. : ol o
T
, M
, tL &
T
B -y
Y B
| B | M
g & & FB &8 & 2 |
o O o O o W O
00 W < =

+8Q0+£AD Ul BNH| %



US 2021/0330774 Al

Oct. 28,2021 Sheet 7 of 17

Patent Application Publication

(34) 1owrenyxaq

panuijuo] %°Did

ght 40b Ob GObgoi-
,mmw.
3 ]
o " mi
€90 LC ¢
Ld bd j0 0d.
-wcw
-mow
(AY3H) Ld 1awelyxaq
Ld apidad
mmw wE ma.w mar mu?
rud
: 0
,.mm:
Qm,,
mmr
(AIND) g9dd
£05-561d 1awenxsqg
pue apndad

a.r a_w Du", ‘ maw maw-

G, . ¥, ¢
o1
a
O
Lvmr
.mmv
(AY3H) Ld Jewenxaq
apndad oN
mop .vn:\ mg NE mm:;
B . o
0
: + . et ol
€9'c )
.wnz,
,mE
(AIND) s9dd
£05-56pd Jaweayxaq
apndad oN

sli®2 L +800 uo 9sd



US 2021/0330774 Al

sapnded

s O o O &
7 =z
— :QmN (7))
m yo
% 005 ©
g oL N
L,
L0001 -
S
|_r 0521 2
L00SL @

juswiLiadxa olsse|) Jajje
q-zi9 10dSI13

Patent Application Publication

paysiut

sopndad

juawiiadxa alsse|) Jayje
B-NdI LOdSIT3

7914

0 z
052 ¢

©
00S ©
0SL N

9
1000L —

<
.omﬁm.
.00SL @
0



US 2021/0330774 Al

Oct. 28, 2021 Sheet 9 of 17

Patent Application Publication

ANl panUIjuo) GO
Wl R o e e S e
| mmw : mm‘w Mw ot
S o 2502 0 o
“mm* rmmw umww. mw
Felt o OF 0 -]
w ; Q
@
| | i
%wmmw,mmw%w%w. T %wmmw 20 01,01 m..
0t o 0l o0k m
N O 0 sr'e T
re% z0 0L
g0 0 o
\J
A4



US 2021/0330774 Al

Oct. 28, 2021 Sheet 10 of 17

Patent Application Publication

ANl psnuijuol G'nj4
oL 0L Ol 001 0L 0L 0l 0.0} oL 0L 0L 0.0l 0L 0, _OL 0.0~
IR SHVE I VAR IS SO S NS S NGO S SO IV AL o
zZ'L £ 09°2 € Zr'e £ o' €
Y g O g O ¢ O
. Ol oL ny . 0l
£ £ £ € @)
s 4 -
0l oL 0l
27 p pOr p° m_w
..mE ,mm_i ,m,E ﬁ& —
O
ld 9d vd D
»n
0L 0L 0l 0.0 0L 0L 0L 0.0 0oL 0L 0L 0.0 =)
G . ..F B E g ¥ £ LB = A . o)
_ . 0L~ " . 0L~ - . OL-
g'ce 1> Zs'L ) 09'L € oo
: O g O i O ..0..
mow w'm.“: ,m,: .m.a
L ol
wo £ ,wo_‘
oL Ol L
'S 'S .mo
sodd Baud 0d
v

(penunuod) 'y



Patent Application Publication  Oct. 28, 2021 Sheet 11 of 17  US 2021/0330774 A1

HD3
HDY
HD14
HD15
HD18
HD18
HD20

X HD22

Owunzs

Oroos

i
]

v
=

® D2

-
@
i o
.ﬂ
'E
-
LN
=)
L.
B
' 1
" x p H—«I-mj »
. ®
=0 kﬁ—' & 4
: o
i3]

| LK ) T L g
[ = S A A

S
Sl
s{|92 +802+£q? Buiai Buowe sjj@2 +bBNJI 10%

157

P
=



US 2021/0330774 Al

Oct. 28,2021 Sheet 12 of 17

Patent Application Publication

(3d) sowenxaqg

panuijuo] 9'pi4

uoisuedxa pue Buipios Jaye
id

610

uoisuedxs pue Builos 1ayje

ld J0 0d

S|®2 1 +80D uo JS4



US 2021/0330774 Al

Oct. 28, 2021 Sheet 13 of 17

Patent Application Publication

sapndad

P

_ 0
052
005
-0S.

S|

0061
uoisuedxs pue bunJos J1aye
gq-z19 10dSI13

panuijuo] 9'pi4

sapnydad

. 0
0S¢
-00S
-0G.
0001
-0S¢C1

-00S1
uoisuedxa pue Buijos 1a)e
B-NdI LOdsSIT3

s]199,01.¥ / yods N

g



Patent Application Publication  Oct. 28, 2021 Sheet 14 of 17  US 2021/0330774 A1

. MDA puised P14+ TeffP0

Hours

FIG.6 Continued

o
2
=

0l

l1em/ sj|22 peap N



US 2021/0330774 Al

Oct. 28, 2021 Sheet 15 of 17

Patent Application Publication

paysiul4 9°DI4

qy bupoolg v1H
1£Z-9IN-YAIN uo |apidad

$|190 Jojosya] ounads |d |
S|192 Joyoaye | oyoads-uoN

LEZ-9IN-VAIN YIMm ain}ind-02
J9)je Buiuiels tejnjjooeayul BNL|

0

X
JI.._
-0C &
O
O
0 &
O
O
0
09 +



Patent Application Publication  Oct. 28, 2021 Sheet 16 of 17  US 2021/0330774 Al

o]
Q
7
™~
o g
)
(e
o
O
Q.
un
O
<r
o,
[a3]
Q.
-
L}
e =
[ =
P
[ -
O
L
a
< U
&
L.
NN <t
QOO Q
oo
ol ol 21 2
ElElF|F




Patent Application Publication  Oct. 28, 2021 Sheet 17 of 17  US 2021/0330774 A1

not tested
not tested

LM
a
8 @
i -
.Q
=
o L.
™
=
L.
o~
o
i
. o
m
N
ey W ey
M | @©
>| >| =
0| 0| o




US 2021/0330774 Al

HERV-K-DERIVED ANTIGENS AS SHARED
TUMOR ANTIGENS FOR ANTI-CANCER
VACCINE

[0001] The present invention is related to the identification
of epitopes or neoepitopes derived from HERV-K antigens
that are shared in some tumor subtypes and that can be used
in diagnosis, prognostic and immunomonitoring, as well as
in antigenic compositions, immunogenic compositions, in
anti-cancer vaccines or T cell-based immunotherapies. The
invention thus relates to the fields of cancer and immuno-
therapy, and to the development of peptide-based antigenic
immunogenic compositions including one or more, prefer-
ably several of these epitopes and useful in diagnosis,
prognostic and immunomonitoring and in the treatment and
prevention of cancer, and of immunogenic compositions and
vaccines including one or more, preferably several of these
epitopes for the treatment and prevention of cancer. As an
alternative, the compositions of the invention comprise a
vector or vectors performing or leading to expression of said
peptides in vivo, for example the vectors may be DNA or
RNA vectors, or bacterial or viral vectors.

BACKGROUND OF THE INVENTION

[0002] Human endogenous retroviruses (HERVs) repre-
sent 8% of the human genome. They probably correspond to
remnants of ancient germ line infections of exogenous
retroviruses. Most HERV genes are non-functional due to
DNA recombination, mutations, and deletions, but some
produce functional proteins including group-specific antigen
(Gag), polymerase (Pol) with reverse transcriptase, and the
envelope (Env) surface unit. HERV's expression is repressed
in normal cells by epigenetic mechanism.

[0003] HERVs have strong immunogenic properties
linked to a <<viral mimicry>> and their expression is
increased in some solid tumors due to demethylation.
HERVs are believed to represent possible pathogenic agents
in carcinogenesis, where they could act by insertional muta-
genesis or involvement in chromosomal aberrations. Some
HERYV proteins, like HERV-K Rec and Np9, are also puta-
tive oncogenes.

[0004] The expression of HERVs in cancer has been
associated with different effects on the immune system:
[0005] immunomodulation, through the immunosuppres-
sive domain of the Env unit

[0006] activation of innate immunity by HERV dsRNA
(triggering innate type I interferon signalling)

[0007] induction of adaptive immune responses against
HERYV antigens.

SUMMARY OF THE INVENTION

[0008] Thus, in accordance with the present invention,
there is provided isolated or purified peptides as well as
compositions comprising at least one such peptide, or an
expression vector that induces expression of said at least one
such peptide in vivo, the peptide consisting of, or compris-
ing, an epitope consisting of a sequence selected from the
group consisting of the sequences FLQFKTWWI (SEQ ID
NO: 1) RLIPYDWEI (SEQ ID NO: 2) KLIDCYTFL (SEQ
ID NO: 3) YLSFIKILL (SEQ ID NO: 4), AMIPKDWPL
(SEQ ID NO: 5), YAMSNLFSI (SEQ ID NO: 6),
SMDDQLNQL (SEQ ID NO: 7). The composition may
further comprise an appropriate liquid, buffer or vehicle. In
the compositions for use in the treatment of a human being,
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the composition further comprises a pharmaceutically
acceptable vehicle, carrier or excipient.

[0009] There is in particular provided an immunogenic
composition comprising at least one peptide, or an expres-
sion vector that induces expression of said at least one
peptide in vivo, the peptide consisting of, or comprising, an
epitope consisting of a sequence selected from the group
consisting of the sequences FLQFKTWWI (SEQ ID NO: 1)
RLIPYDWEI (SEQ ID NO: 2) KLIDCYTFL (SEQ ID NO:
3) YLSFIKILL (SEQ ID NO: 4), AMIPKDWPL (SEQ ID
NO: 5), YAMSNLFSI (SEQ ID NO:6), SMDDQLNQL
(SEQ ID NO: 7), and a pharmaceutically acceptable vehicle,
carrier or excipient.

[0010] There is also provided a vaccine or anti-cancer
vaccine comprising at least one peptide, or an expression
vector that induces expression of said at least one peptide in
vivo, the peptide consisting of, or comprising, an epitope
consisting of a sequence selected from the group consisting
of'the sequences FLQFKTWWI (SEQ ID NO: 1), RLIPYD-
WEI (SEQ ID NO: 2) KLIDCYTFL (SEQ ID NO: 3)
YLSFIKILL (SEQ ID NO: 4), AMIPKDWPL (SEQ ID NO:
5), YAMSNLFSI (SEQ ID NO:6), SMDDQLNQL (SEQ ID
NO: 7), and a pharmaceutically acceptable vehicle, carrier or
excipient.

[0011] The compositions according to the invention may
in particular comprise: 2, 3, 4, 5, 6 or 7 peptides, or one or
more expression vector(s) that induce(s) expression of said
2,3, 4,5, 6 or 7 peptides in vivo, the peptides having from
9 to 100 amino acid residues, each one comprising at least
one, in particular one, of the epitopes of sequences SEQ ID
NO: 1-7, and each peptide comprising at least one different
epitope with respect to the others; or

[0012] at least one peptide, or an expression vector that
induces expression of said at least one peptide in vivo, said
peptide having from 9 to 100 amino acids residues and
comprising 2, 3, 4, 5, 6 or 7 of the epitopes of sequences
SEQ ID NO: 1-7.

[0013] In an embodiment, the compositions according to
the invention may in particular comprise:

[0014] 2,3,4,5, 6 or 7 peptides, or one or more expression
vector(s) that induce(s) expression of said 2, 3,4, 5, 6 or 7
peptides in vivo, the peptides having from 9 to 100 amino
acid residues, one comprising the epitope of sequence SEQ
ID NO: 1 or 6, and at least one another comprising at least
one of the other epitopes of sequences SEQ ID NO: 1-7, and
each peptide comprising at least one different epitope with
respect to the others; or

[0015] at least one peptide, or an expression vector that
induces expression of said at least one peptide in vivo, said
peptide having from 9 to 100 amino acids residues and
comprising 2, 3, 4, 5, 6 or 7 of the epitopes of sequences
SEQ ID NO: 1-7, including the epitope of sequence SEQ ID
NO: 1 or 6, in particular both.

[0016] As it will be presented herein after, the composi-
tions according to the invention may comprise the following
embodiments (however other embodiments will also appear
from the rest of the description):

[0017] the composition comprises 2, 3, 4, 5, 6, or the 7
peptides of sequences SEQ ID NO: 1 to 7; or it comprises
one or more expression vectors inducing the in vivo expres-
sion of these peptides; in an embodiment, peptide of
sequence SEQ ID NO: 1 or 6 or both these peptides is/are
present or expressed,
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[0018] the composition comprises a peptide which com-
prises 9 to 100 amino acid residues and at least one of said
peptides of sequence SEQ ID NO: 1 to 7; the peptide may
comprise 2, 3, 4, 5, 6, or 7 of the disclosed epitopes; in an
embodiment, the composition may comprise the gag
epitopes and/or the pol epitopes, as disclosed herein, or at
least two or three of these epitopes of gag and/or pol; or it
comprises one or more expression vectors inducing the in
vivo expression of this or these peptides; in an embodiment,
the peptide comprised or expressed includes the peptide of
sequence SEQ ID NO: 1 or 6, or both these peptides;
[0019] the composition comprises 2, 3, 4, 5, 6, or 7
peptides having from 9 to 100 amino acid residues, each one
comprising at least one, preferably one, of the epitopes of
sequences SEQ ID NO: 1 to 7, and each peptide comprises
at least one different epitope with respect to the others; or it
comprises one or more expression vectors inducing the in
vivo expression of these peptides; in an embodiment, pep-
tide of sequence SEQ ID NO: 1 or 6, or both these peptides
is/are present or expressed;

[0020] each contained or expressed peptide of 9 to 100
amino acid residues comprises one specific (different from
the other peptides in the composition) epitope of SEQ ID
NO: 1,2,3,4,5 6 or7,

[0021] the contained or expressed peptide(s) comprise(s) 9
to 50 amino acid residues of an HERV gag or pol including
at least one of said peptides of sequence SEQ ID NO: 1 to
7;

[0022] the composition comprises 1, 2, 3, 4, 5, 6 or 7
peptides selected from the group consisting of the peptides
of SEQ ID NO: 8 to 14; or it comprises one or more
expression vectors inducing the in vivo expression of this
peptide or these peptides; in an embodiment, peptide of
sequence SEQ ID NO: 8 or 13, or both these peptides is/are
present or expressed.

[0023] Epitopes of sequences SEQ ID NO: 4, 2, and 1 are
from HERV-K gag. Epitopes of sequences SEQ ID NO: 5,
3, 6 and 7 are from HERV-K pol. These are MHC class |
HLA-A2 epitopes. In an embodiment, the composition com-
prises or expresses 1, 2 or the 3 HERV-K gag epitopes. In an
embodiment, the composition comprises or expresses 1, 2, 3
or the 4 HERV-K pol epitopes.

[0024] In the context of the composition, immunogenic
composition or vaccine in accordance with the invention, the
contained or expressed peptide may comprise 9 to 100, in
particular 9 to 70, or 9 to 50, 40, 30, 25, 20, consecutive
residues, preferably those residues are from HERV-K gag
and/or pol, more preferably a native consensus HERV-K gag
and/or pol sequence, including at least one of the above-
described epitopes. The peptide may be less than 50 residues
in length, such as 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 25, 30, 35, 40, or 45 residues in length.

[0025] The composition, immunogenic composition or
vaccine (hereinafter designated as “the composition” unless
indicated to the contrary) in accordance with the invention
may comprise more than one of these peptides of HERV-K,
especially from gag and/or pol, or an expression vector that
induces expression of in vivo more than one of these
peptides of HERV-K, especially from gag and/or pol, or
several (more than one) expression vectors each inducing
expression in vivo of a different peptide (of these peptides)
of HERV-K, especially from gag and/or pol.

[0026] In an embodiment, the peptide (having more than
9 residues) is a native HERV-K fragment comprising the
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9-mer epitope and adjacent amino acids at the N-terminal
and/or C-terminal forming the peptide of a given length. In
an embodiment, the peptide comprises more than two
HERV-K epitopes (e.g. 2, 3, 4, 5, 6 or 7 of the disclosed
epitopes).

[0027] In an embodiment, the peptide (having more than
9 residues) is a native HERV-K fragment comprising the
9-mer epitope and adjacent amino acids at the N-terminal
and/or C-terminal, and additional foreign amino acids form-
ing the peptide of a given length. In an embodiment, the
peptide comprises more than two HERV-K epitopes (e.g. 2,
3,4, 5, 6 or 7 of the disclosed epitopes).

[0028] In another embodiment, all or part of the peptide
sequence of the peptides contained in the composition or
expressed, is foreign to HERV-K. In this embodiment, a
peptide may easily comprise more than two HERV-K
epitopes, e.g. 2, 3, 4, 5, 6 or 7 of the disclosed epitopes. The
length of the peptide is suited to comprise the number of
epitopes, and possible additional amino acids. The peptide
may thus be of 9 or 10 to 69 peptide length, or more.

[0029] Preferably, the composition comprises or the vector
induces expression of, 2, 3, 4, 5, 6 or 7 different peptides,
each peptide comprising or consisting of a different epitope
consisting of a sequence selected from the group consisting
of the sequences FLQFKTWWI (SEQ ID NO: 1) RLIPYD-
WEI (SEQ ID NO: 2) KLIDCYTFL (SEQ ID NO: 3)
YLSFIKILL (SEQ ID NO: 4), AMIPKDWPL (SEQ ID NO:
5), YAMSNLFSI (SEQ ID NO: 6), SMDDQLNQL (SEQ ID
NO: 7).

[0030] In an embodiment, the composition comprises or
the vector induces expression of, at least one peptide com-
prising or consisting of at least two different epitopes
consisting of a sequence selected from the group consisting
of the sequences FLQFKTWWI (SEQ ID NO: 1) RLIPYD-
WEI (SEQ ID NO: 2) KLIDCYTFL (SEQ ID NO: 3)
YLSFIKILL (SEQ ID NO: 4), AMIPKDWPL (SEQ ID NO:
5), YAMSNLFSI (SEQ ID NO: 6), SMDDQLNQL (SEQ ID
NO: 7). In an embodiment, the peptide comprises 2, 3, 4, 5,
6 or 7 of said epitopes; or the expression vector induces
expression of a peptide comprising 2, 3, 4, 5, 6 or 7 of said
epitopes.

[0031] Several solutions exist to have the different
epitopes represented in the composition or in the expression
products in vivo in the same patient. The composition may
comprise or the vector induces expression of one or more
peptides comprising one or more of the different epitopes of
said group, so that 2, 3, 4, 5, 6 or 7 of said epitopes
FLQFKTWWI (SEQ ID NO: 1) RLIPYDWEI (SEQ ID NO:
2) KLIDCYTFL (SEQ ID NO: 3) YLSFIKILL (SEQ ID NO:
4), AMIPKDWPL (SEQ ID NO: 5), YAMSNLFSI (SEQ ID
NO: 6), SMDDQLNQL (SEQ ID NO: 7), are present in the
composition or expressed.

[0032] When speaking about an expression vector induc-
ing expression of more than one peptide in accordance with
the invention, it is possible to have the composition com-
prising a vector inducing expression of several peptides
(wherein the peptide may comprise one epitope of the group,
ormore than 1, e.g 2, 3,4, 5, 6, 7 of said epitopes), or at least
two expression vectors, wherein the several vectors each
induces expression of at least one peptide. In an embodi-
ment, the composition comprises one single vector or sev-
eral vectors, and the vector(s) induces expression of one or
more peptides and 2, 3, 4, 5, 6 or 7 of said epitopes.
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[0033] Examples of isolated or purified 29-mer peptides
comprising epitopes and other gag or pol amino acid resi-
dues according to the invention are:

(SEQ ID NO: 8)
KSKIKSKYASYLSFIKILLKRGGVKVSTK,

(SEQ ID NO: 9)
TLLDSIAHGHRLIPYDWEILAKSSLSPSQ,

(SEQ ID NO: 10)
LAKSSLSPSQFLQFKTWWIDGVQEQVRRN,

(SEQ ID NO: 11)
GPLQPGLPSPAMIPKDWPLLIIIDLKDCF,

(SEQ ID NO: 12)
KLIDCYTFLQAEVANAGLAIASDKIQTST,

(SEQ ID NO: 13)
WIRPTLGIPTYAMSNLFSILRGDSDLNSK,
and

(SEQ ID NO: 14)
RDVETALIKYSMDDQLNQLFNLLQQTVRK.

Each one of these isolated or purified 29-mer peptides or
fragments or 28 to 10 amino acid residues, comprising a
9-mer epitope, and under isolated or purified form, is an
object of the invention. The peptide may be less than 29
residues in length, such as 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28 residues of those
sequences SEQ ID NO: 8-14, including the 9-mer epitope.
Interestingly, the amino acid sequences added to the epitopes
may comprise, as it is the case in the peptides of SEQ ID
NO: 8-14, other potential CD4 and/or CD8 T epitopes. The
present invention provides for peptides comprising an
epitope as disclosed herein and “further amino acids” at the
C-terminal and/or N-terminal end. These further amino
acids may be gag or pol sequences as disclosed herein with
the sequences 1-16. However, the invention encompasses
variation of amino acids at the level of these “further amino
acids” within these gag/pol sequences. Thus, the invention
encompasses those sequences, including sequences 1-16,
wherein the further amino acid sequences have an identity
percentage with those gag/pol sequences of at least 80, 85,
90, 91, 92, 93, 94, 95, 96, 97, 98 or 99%.

[0034] In an embodiment, the compositions of the inven-
tion comprise or express the peptide of SEQ ID NO: 8, or the
peptide of SEQ ID NO: 13, or both peptides of SEQ ID NO:
8 and 13, and 1, 2, 3, 4, 5 of the other peptides of SEQ ID
NO: 8-14.

[0035] In an embodiment, the composition further com-
prises an adjuvant.

[0036] Peptide RLIPYDWEI (SEQ ID NO: 2) under iso-
lated or purified form is an object of the invention.

[0037] Peptide KLIDCYTFL (SEQ ID NO: 3) under iso-
lated or purified form is an object of the invention.

[0038] Peptide YLSFIKILL (SEQ ID NO: 4) under iso-
lated or purified form is an object of the invention.

[0039] Peptide AMIPKDWPL (SEQ ID NO: 5) under
isolated or purified form is an object of the invention.
[0040] Peptide YAMSNLEFSI (SEQ ID NO: 6) under iso-
lated or purified form is an object of the invention.

[0041] Peptide SMDDQLNQL (SEQ ID NO: 7) under
isolated or purified form is an object of the invention.
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[0042] Peptides of 10 to 100 amino acids comprising at
least one of said peptides of SEQ ID NO: 1-7, under isolated
or purified form are an object of the invention.

[0043] A peptide comprising 2, 3, 4, 5, 6 or 7 of
FLQFKTWWI (SEQ ID NO: 1), RLIPYDWEI (SEQ ID
NO: 2), KLIDCYTFL (SEQ ID NO: 3), YLSFIKILL (SEQ
ID NO: 4), AMIPKDWPL (SEQ ID NO: 5), YAMSNLFSI
(SEQ ID NO: 6), and SMDDQLNQL (SEQ ID NO: 7)
epitopes, under isolated or purified form, is an object of the
invention. Said peptide preferably comprise FLQFKTWWI
(SEQ ID NO: 1) and/or YAMSNLFSI (SEQ ID NO: 6).
[0044] In an embodiment, this peptide may comprise 9 to
100, in particular 9 to 70, or 9 to 50, 40, 30, 25, 20, or even
10 to 30, 12-25, preferably 14-18, e.g. 14, 15, 16, 17, or 18,
consecutive residues, preferably of HERV-K gag and/or pol,
more preferably a native consensus HERV-K gag and/or pol
sequence, including at least one of the above-described
epitopes, with the amino acids in addition to the correspond-
ing epitope of sequence SEQ ID NO: 1-7, being the native
amino acids as present in the HERV-K gag or pol as
disclosed herein, and extending in 5', 3' or 5' and 3' of said
epitope. The peptide may be less than 50 residues in length,
such as 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30,
35, 40, or 45 residues in length, typically 14, 15, 16, 17, or
18. Another object of the invention is an expression vector
comprising a nucleic acid encoding an amino acid sequence
selected from the group consisting of FLQFKTWWI (SEQ
ID NO: 1) RLIPYDWEI (SEQ ID NO: 2) KLIDCYTFL
(SEQ ID NO: 3) YLSFIKILL (SEQ ID NO: 4),
AMIPKDWPL (SEQ ID NO: 5), YAMSNLFSI (SEQ ID
NO: 6), SMDDQLNQL (SEQ ID NO: 7), and at least two of
them (especially 2, 3, 4, 5, 6 or 7 of them), and elements
necessary for leaving to the in vivo expression of the nucleic
acid (polynucleotide) in a patient.

[0045] An example of HERVK-gag polypeptide compris-
ing the 3 gag epitopes:

(SEQ ID NO: 15)
MGQTKSKIKSKYASYLSFIKILLKRGGVKVSTKNLIKLFQIIEQFCPWFP

EQGTLDLKDWSQKETEGLHCEYVAEPVMAQSTONVDYNQLQEVIYPETLK
LEESKPRGTSPLPAGQVPVTLQPQKQVKENKTQPPVAYQYWPPAELQYRP
PPESQYGYPGMPPAPQGRAPYPQPPTRRLNPTAPPSROGSKLHEIAQEGE
PPTVEARYKSFSIKKLKDMKEGVKQYGPNSPYMRTLLDS IAHGHRLIPYD
WEILAKSSLSPSQFLQFKTWWIDGVQEQVRRNRAANPPVNIDADQLLGIG
ONWSTISQQALMONEAT EQVRAI CLRAWEKIQDPSKEPYPDFVARLQDVA
QKSIADEKARKVIVELMAYENANPECQSAIKPLKGKVPAGSDVISEYVKA
CDGIGGAMHKAMLMAQAI TGVVLGGOVR TFGRKCYNCGQIGHLKKNCPVL
NKQNITIQATTTGREPPDLCNEQRGOPQAPQQTGAFPIQPFVPQGFQGQQ
PPLSQVFQGI SQLPQYNNCPPP

[0046] An example of HERVK-pol polypeptide compris-
ing the 4 pol epitopes:

(SEQ ID NO: 16)
NKSRKRRNRESLLGAATVEPPKPIPLTWKTEKPVWVNQWPLPKQKLEALH

LLANEQLEKGHIEPSFSPWNSPVFVIQKKSGKWRMLTDLRAVNAVIQPMG
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-continued
PLOPGLPSPAMI PKDWPLI IIDLKDCFFTI PLAEQDCEKFAFTIPAINNK
EPATRFQWKVLPQGMLNSPTICQTFVGRALQPVREKFSDCYITHCIDDIL
CAAETKDKLIDCYTFLOAEVANAGLAIASDKIQTSTPFHYLGMQI ENRKI
KPQKIEIRKDTLKTLNDFQKLLGDINWIRPTLGIPTYAMSNLFSILRGDS
DLNSKRMLTPEATKEIKLVEEKIQSAQINRIDPLAPLQLLIFATAHSPTG
IIIQNTDLVEWSFLPHSTVKTFTLYLDQIATLIGQTRLRI IKLCGNDPDK
IVVLTKEQVRQAFINSGAWKIGLANFVGI IDNHYPKTKIFQFLKLTTWIL
PKITRREPLENALTVFTDGSSNGKAAY TGPKERVIKTPYQSAQRAELVAV
ITVLQDFDQPINIISDSAYVVQATRDVETALIKYSMDDQLNQLFNLLOQT
VRKRNFPFYITHIRAHTNLPGPL TKANEQADLLVSSALIKAQELHALTHV
NAAGLKNKFDVTWKQAKDI VQHC TQCQVLHLPTQEAGVNPRGLCPNALWG
MDVTHVPSFGRLSYVHVTVDTYSHF IWATCQS TSHVKKHLLSCFAVMGVP
EKIKTDNGPGYCSKAFQKFLSQWKI SHTTGIPYNSQGQATVERTNRTLKT
QLVKQKEGGDSKCTTPOMOLNLALY TLNFLNI YRNQTTTSAEQHLTGKKS

PGENQLPVWIPTRHLKFYNEPIRDAKKSTSA

[0047] Isolated or purified polypeptides of SEQ ID NO: 15
and 16 are objects of the invention, as are compositions,
immunogenic compositions and anti-cancer vaccines as
defined herein and comprising or expressing the polypeptide
(s) of SEQ ID NO: 15 and/or SEQ ID NO: 16.

[0048] In an embodiment, the expression vector compris-
ing a nucleic acid encoding a 9 to 100, in particular 9 to 70,
or 9 to 50, 40, 30, 25, 20, amino acid peptide (the encoded
peptide may be less than 50 residues in length, such as 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, or 45
residues in length), comprising an epitope selected from the
group consisting of FLQFKTWWI (SEQ ID NO: 1)
RLIPYDWEI (SEQ ID NO: 2) KLIDCYTFL (SEQ ID NO:
3) YLSFIKILL (SEQ ID NO: 4), AMIPKDWPL (SEQ ID
NO: 5), YAMSNLFSI (SEQ ID NO: 6), SMDDQLNQL
(SEQ ID NO: 7), and the elements necessary for the in vivo
expression of the nucleic acid (polynucleotide) in a patient.
As mentioned above, the vector may comprise a nucleic acid
sequence such that the vector induces expression of 2, 3, 4,
5, 6 or 7 epitope-containing peptides, or induces expression
of a peptide comprising 2, 3, 4, 5, 6 or 7 of said epitopes.
Also, as mentioned above, the vector may comprise a
nucleic acid encoding a peptide comprising one or several of
these epitopes, and amino acid residues in addition to the
concerned epitope, wherein the additional residues may be
from pol or gag, or being foreign to gag or pol.

[0049] The expression construct or vector may a non-viral
expression construct, such as a bacterial expression con-
struct, a DNA or RNA expression construct, or a viral
expression construct. The expression construct may be
located in an antigen-presenting cell. The construct may lead
to integration of the expression construct into the genome of
the cell.

[0050] The present invention also concerns these compo-
sitions for use in treating cancer. Cancers concerned by this
use may be selected particularly (however without limita-
tion) from those cancers: breast cancer, including triple
negative breast cancer, ovarian cancer, melanoma, sarcoma,
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teratocarcinoma, bladder cancer, lung cancer (non small cell
lung carcinoma and small cell lung carcinoma), head and
neck cancer, colo-rectal cancer, glioblastoma, and leuke-
mias, etc, for example breast cancer, including triple nega-
tive breast cancer, ovarian cancer, melanoma, sarcoma,
teratocarcinoma, bladder cancer and leukemias.

[0051] The use may aim at activating T-cell responses,
B-cell response or both in patients, for example in breast
cancer patients.

[0052] The present invention also concerns the use of one
9-mer epitope or several of the 9-mer epitopes as disclosed
herein, or of one peptide or several peptides as disclosed
herein, or of one expression vector or several expression
vectors as disclosed herein, or of a composition as disclosed
herein, for the manufacture of an immunogenic composition
or vaccine to treat a cancer as disclosed herein.

[0053] Another object of the invention is a method for
treating cancer, comprising administering to a patient in
need thereof a therapeutically effective amount of an immu-
nogenic composition or vaccine as disclosed herein. As
explained above, the composition may comprise the peptide
or peptides, or one or more expression vectors or constructs.
The method may comprise administering the vaccine more
than once. The therapeutically effective daily amount of
peptide (total amount of peptide or peptides according to the
invention) administered may be in the range of 0.01 mg to
10 mg, 0.025 mg to 5.0 mg, or in the range of 0.025 mg to
1.0 mg.

[0054] Another object of the invention is a method for
treating cancer in a patient comprising (a) contacting Cyto-
toxic T Lymphocytes (CTLs) of a patient in need of cancer
treatment with a composition or immunogenic composition
according to the invention; and (b) administering a thera-
peutically effective amount of the CTLs of step (a) to the
patient. The method may further comprise expanding said
CTL’s by ex vivo or in vivo methods prior to administration.
Contacting may comprise providing an antigen-presenting
cell loaded with the peptide(s) of the invention or expressing
said peptide(s) or polypeptide(s) from an expression con-
struct. The therapeutically effective amount of CTL cells
required to provide therapeutic benefit may be from about
0.1x10* to about 5x10° cells per kilogram weight of the
subject. The method may comprise performing step (b) more
than once.

[0055] The invention also concerns a method of preparing
CTLs comprising contacting Cytotoxic T Lymphocytes
(CTLs) of a patient in need of cancer treatment with a
composition or immunogenic composition according to the
invention, and possibly expanding said CTL’s ex vivo.
Contacting may comprise providing an antigen-presenting
cell loaded with the peptide(s) of the invention or expressing
said peptide(s) or polypeptide(s) from an expression con-
struct.

[0056] A composition comprising such CTLs in a phar-
maceutical vehicle, prepared as disclosed supra, is also an
object of the invention.

[0057] Another object of the invention is T-cell Receptor
(TCR) engineered T cells recognizing epitope peptides from
the invention and compositions comprising such T cells in a
pharmaceutical vehicle. The process of preparing these T
cells is known from the skilled person. It may be the
following (and the process is also an object of the invention):
(1) TCR o and f chains are isolated from T cells recognizing
epitope peptides from the invention and inserted into a
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vector (lentivirus or retrovirus for instance); (ii) T cells
isolated from the peripheral blood of a patient or a donor are
modified with such a vector (lentivirus or retrovirus for
instance) to encode the desired TCRa sequences; (iii) these
modified T cells are then expanded in vitro to obtain
sufficient numbers for treatment and administered into the
patient. Of note, TCR sequences can be modified for opti-
mization of TCR affinity. The method of use of these T cells,
e.g. treatment of cancer, is another object of the invention,
and comprises administering to a subject in need thereof an
efficient amount of those T cells. The therapeutically effec-
tive amount of T cells required to provide therapeutic benefit
may be from about 0.1x10* to about 5x10°, cells per
kilogram weight of the subject.

[0058] In an embodiment, the cancer is triple negative
breast cancer (TNBC), other breast cancers, ovarian cancer,
melanoma, sarcoma, teratocarcinoma, bladder cancer, lung
cancer (non small cell lung carcinoma and small cell lung
carcinoma), head and neck cancer, colo-rectal cancer, glio-
blastoma and leukemias for example breast cancer, includ-
ing triple negative breast cancer, ovarian cancer, melanoma,
sarcoma, teratocarcinoma, bladder cancer and leukemias.
[0059] The antigens made or comprising the epitopes as
disclosed herein also may be used to generate anti-HERV-K
antibodies and to detect the presence of anti-HERV-K anti-
bodies in HERV-K+ cancer patients.

[0060] The epitopes and the composition comprising at
least one antigenic peptide according to the invention may
be used in diagnosis, prognostic or immunomonitoring
methods. In particular, the present invention also concerns a
method for the immunomonitoring of immune response in a
patient. Induction of an antitumor adaptive response after
immunotherapy (vaccine using the epitopes or a composi-
tion of the invention or any other immunotherapy inducing
adaptive antitumor T cell response) will be evaluated by
measurement of specific T cell responses against the HERV
epitopes of the invention. Measurement can be performed
for instance by using multimers containing the epitopes
described in the invention, directly or after ex vivo stimu-
lation with peptides described in the invention. Measure-
ment of T cell response can be also performed after ex vivo
stimulation with peptides of the invention by using FACS
analysis, ELISA, ELISPOT or other method to detect spe-
cific T cell activation.

[0061] In an embodiment, the biological sample is blood,
blood derivative containing circulating cells or lymphocytes
from the tumor. Preferably, the method comprises determin-
ing that some lymphocytes in the blood can specifically
recognize and/or be specifically reactivated against the pep-
tides of interest upon in vitro stimulation.

[0062] One of ordinary skill would know various assays to
determine whether an immune response against a tumor-
associated peptide was generated. The phrase “immune
response” includes both cellular and humoral immune
responses. Various B lymphocyte and T lymphocyte assays
are well known, such as ELISAs, cytotoxic T lymphocyte
(CTL) assays, such as chromium release assays, prolifera-
tion assays using peripheral blood lymphocytes (PBL),
tetramer assays, and cytokine production assays. See Ben-
jamini et al. (1991), hereby incorporated by reference.

DETAILED DESCRIPTION

[0063] The inventors localized HERVs sequences on the
human genome and developed RNAseq analysis of HERV.
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Using RNAseq data of 84 breast cancer from a public
database, of which 42 triple negative breast cancer (INBC)
and 42 from ER+ subtype, they compared this expression
with RNAseq from normal breast tissue samples, of which
51 from peritumoral area and 5 from mammal reduction
samples. 19 HERVs were specifically overexpressed in
TNBC, the majority of them belonging to HERV-K family.
[0064] Multiple component analysis showed that HERVs
can be used to characterize the triple negative subtype.
HERVs expression is associated with higher OCT4
(POUSF1) and lower TRIM28 levels in TNBC, two factors
that regulate positively and negatively, respectively, the
transcription of HERVs. A link with EMT signature was also
observed, which may be associated with stemness features
in TNBC. Interestingly, HERVs expression significantly
correlated with T cells and cytotoxic lymphocytes transcrip-
tomic signature, which may be explained by a type I
interferon (IFN) response and the presence of antigen pre-
senting cells signature. The effector T cell signature was
counterbalanced by an immunomodulatory signature (in-
cluding negative immune checkpoints and IDO1/2) and
suppressor cells (including regulatory T cells and MDSCs).
[0065] The polymorphism of HERVs is often considered
as a major obstacle to characterize T cell response against a
specific HERV antigen or to use them in a strategy of cancer
vaccination. Based on the specific expression of a limited
number of HERVs characterizing TNBC, hypothesis was
made that it may be possible to identify common regions
inside the Gag and Pol proteins shared between different
HERVs expressed in TNBC and then to determine T cell
epitopes present in these domains. Common regions in Gag
and in Pol from several HERV-K overexpressed in TNBC
and containing intact ORF for each protein were effectively
found. Interestingly, these shared domains contain several
regions enriched in potential strong epitope binders for the
most frequent MHC class I and I alleles, using different
epitope prediction tools (including NetMHC 1 and II).
[0066] 9-mer peptides corresponding to predicted HLLA-
A2 epitopes were synthetized and used for an in vitro
protocol, consisting in the stimulation of peripheral blood
mononuclear cells (PBMCs) to induce a specific response
against the peptides of interest. The presence of specific
CD8+ T cell was evaluated by multimer staining and the
functional response (IFN gamma production and degranu-
lation) was further evaluated against T2 cells pulsed with the
cognate peptide, showing a specific activation of CD8+ T
cells against HERV peptides made in accordance with the
invention. Furthermore, the cytotoxicity of HERV-specific
CD8+ T cells against a HERV-expressing tumor cell line was
demonstrated using CD8+ T cells specific of the peptide
SEQ ID NO 1, confirming the functional antitumor proper-
ties of the T cells generated by these peptides.

[0067] Considering the enhanced HERV expression in
tumor cells and the results obtained these conclusions can be
made:

[0068] HERVs are preferentially expressed in tumors and
19 HERVs subtypes characterize triple negative breast can-
cer (TNBC), most of them belonging to HERV-K family.
[0069] Common sequences containing T cell epitopes can
be found between these 19 HERVs subtypes.

[0070] Seven 9-mer peptides were identified as strong
HLLA-A2 binders and able to elicit a specific CD8+ T cell
response, with a specific cytotoxic response against T2 cells
pulsed with the cognate peptide or against a HERV-express-
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ing tumor cell line: FLQFKTWWI (SEQ ID NO: 1),
RLIPYDWEI (SEQ ID NO: 2), KLIDCYTFL (SEQ ID NO:
3), YLSFIKILL (SEQ ID NO: 4), AMIPKDWPL (SEQ ID
NO: 5), YAMSNLFSI (SEQ ID NO: 6), SMDDQLNQL
(SEQ ID NO: 7).

[0071] HERVs products represent thus shared tumor anti-
gens capable of inducing functional T cell responses. HERV-
derived tumor antigens can be used for the development of
cancer vaccines and to monitor adaptive immune responses.

Definitions

[0072] The phrases “isolated”, “purified”, or “biologically
pure” refer to material which is substantially or essentially
free from components which normally accompany the mate-
rial as it is found in its native state. Thus, isolated peptides
in accordance with the invention preferably do not contain
materials normally associated with the peptides in their in
situ environment.

[0073] “Major histocompatibility complex™ or “MHC” is
a cluster of genes that plays a role in control of the cellular
interactions responsible for physiologic immune responses.
In humans, the MHC complex is also known as the HLA
complex. For a detailed description of the MHC and HLA
complexes

[0074] “Human leukocyte antigen” or “HLA” is a human
class 1 or class II major histocompatibility complex (MHC)
protein.

[0075] The phrase “pharmaceutically-acceptable” or
“pharmacologically-acceptable” refers to molecular entities
and compositions that do not produce an allergic or similar
untoward reaction when administered to a human. The
preparation of an aqueous composition that contains a
protein as an active ingredient is well understood in the art.
Typically, such compositions are prepared as injectable with
a pharmaceutically acceptable usual vehicle or excipient, or
carrier, either as liquid solutions or suspensions; solid forms
suitable for solution in, or suspension in, liquid prior to
injection can also be prepared.

[0076] As used herein, “vehicle, excipient, carrier”
includes any and all solvents, dispersion media, vehicles,
coatings, diluents, antibacterial and antifungal agents, iso-
tonic and absorption delaying agents, buffers, carrier solu-
tions, suspensions, colloids, and the like. The use of such
media and agents for pharmaceutical active substances is
well known in the art.

[0077] “Immunogenic peptide” means that the peptide,
once presented to the immune system in a patient, may
induce an humoral and/or cellular immune response, and
this response is immunogenic, but is not necessarily protec-
tive. This applies to an “immunogenic composition”.
[0078] An “immunogenic response” refers to a CTL and/
or an HTL response to an antigen derived from an infectious
agent or a tumor antigen. The immune response may also
include an antibody response which has been facilitated by
the stimulation of helper T cells.

[0079] In particular, the immunogenic composition may
induce in vivo activation of CD8+ T cells against the HERV
peptides present in the composition and/or against HERV
peptides or polypeptides comprising similar epitopes that
expressed in tumor cells.

[0080] “Vaccine composition” or “vaccinal peptide”
means that once administered to a patient, respectively
presented to the immune system in a patient, the composi-
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tion or the peptide may induce an humoral and/or cellular
immune response, and this immune response is protective.

[0081] A “protective immune response” refers to a CTL
and/or an HTL response to an antigen derived from an
infectious agent or a tumor antigen, which prevents or at
least partially arrests disease symptoms or progression. The
immune response may also include an antibody response
which has been facilitated by the stimulation of helper T
cells.

[0082] “Immunogenicity” means that the peptide or
epitope, once present in the patient, especially in a patient’s
blood, tissue or organ, is able to induce a humoral and/or
cell-mediated immune response.

[0083] By the composition or the vector “induces expres-
sion”, it is meant that it comprises an expression vector or
expression vectors comprising a nucleic acid, DNA or RNA,
coding for the peptide(s). The vector may be especially a
RNA vector, a DNA vector or plasmid, a viral vector or a
bacterial vector. There can be integration of an expression
cassette into the host cell genome or there can be no
integration, depending on the nature of the vector and as this
is well known to the skilled person. The expression vector or
the expression cassette may further comprise elements nec-
essary for the in vivo expression of the nucleic acid (poly-
nucleotide) in a patient. In minimum manner, this consists of
an initiation codon (ATG), a stop codon and a promoter, as
well as a polyadenylation sequence for certain vectors such
as the plasmids and viral vectors other than poxviruses. The
ATG is placed at 5' of the reading frame and a stop codon is
placed at 3'. As it is well-known, other elements making it
possible to control the expression could be present, such as
enhancer sequences, stabilizing sequences and signal
sequences permitting the secretion of the peptide.

[0084] Proteins or peptides may be made by any technique
known to those of skill in the art, including the expression
of proteins, polypeptides or peptides through standard
molecular biological techniques, the isolation of proteins or
peptides from natural sources, or the chemical synthesis of
proteins or peptides. Synthetic peptides will generally be
about up 35 residues long, which is the approximate upper
length limit of automated peptide synthesis machines, such
as those available from Applied Biosystems (Foster City,
Calif.). Longer peptides also may be prepared, e.g., by
recombinant means.

[0085] A “peptide epitope” or “epitope” is a peptide which
comprises an allele-specific motif or supermotif such that
the peptide will bind an HLLA molecule and induce a CTL
and/or HTL response. Thus, immunogenic or vaccinal pep-
tides of the invention, comprising at least one “peptide
epitope” are capable of binding to an appropriate HLA
molecule and thereafter inducing a cytotoxic T cell response,
or a helper T cell response, to the antigen from which the
immunogenic or vaccinal peptide is derived.

[0086] It is contemplated that peptides of the present
invention may further employ amino acid sequence variants
such as substitutional, insertional or deletion variants. Dele-
tion variants lack one or more residues of the native protein.
Insertional mutants typically involve the addition of material
at a non-terminal point in the polypeptide. Substitutions are
changes to an existing amino acid. These sequence variants
may generate truncations, point mutations, and frameshift
mutations. As is known to one skilled in the art, synthetic
peptides can be generated by these mutations.
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[0087] It also will be understood that amino acids
sequence variants may include additional residues, such as
additional N- or C-terminal amino acids, and yet still be
essentially as set forth in one of the sequences disclosed
herein, so long as the sequence meets the criteria set forth
above, including the maintenance of biological activity.
[0088] The following is a discussion based upon changing
the amino acids of a protein, such as a peptide or protein of
the invention, to create a mutated, truncated, or modified
protein. For example, certain amino acids may be substituted
for other amino acids in the tumor-associated peptide or
protein, resulting in a greater CTL immune response Since
it is the interactive capacity and nature of a protein that
defines that protein’s biological functional activity, certain
amino acid substitutions can be made in a protein sequence,
and in its underlying nucleic acid coding sequence, thereby
producing a mutated, truncated or modified protein.

[0089] In making such changes, the hydropathic index of
amino acids may be considered. The importance of the
hydropathic amino acid index in conferring interactive bio-
logic function on a protein is generally understood in the art.
It is accepted that the relative hydropathic character of the
amino acid contributes to the secondary structure of the
resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, sub-
strates, receptors, DNA, antibodies, antigens, and the like.
[0090] It also is understood in the art that the substitution
of like amino acids can be made effectively on the basis of
hydrophilicity. U.S. Pat. No. 4,554,101, incorporated herein
by reference, states that the greatest local average hydro-
philicity of a protein, as governed by the hydrophilicity of its
adjacent amino acids, correlates with a biological property
of the protein. The following hydrophilicity values have
been assigned to amino acid residues: basic amino acids:
arginine (+3.0), lysine (+3.0), and histidine (=0.5); acidic
amino acids: aspartate (+3.0+1), glutamate (+3.0+1), aspara-
gine (+0.2), and glutamine (+0.2); hydrophilic, nonionic
amino acids: serine (+0.3), asparagine (+0.2), glutamine
(+0.2), and threonine (-0.4), sulfur containing amino acids:
cysteine (-1.0) and methionine (-1.3); hydrophobic, non-
aromatic amino acids: valine (-1.5), leucine (-1.8), isoleu-
cine (-1.8), proline (-0.5x1), alanine (-0.5), and glycine
(0); hydrophobic, aromatic amino acids: tryptophan (-3.4),
phenylalanine (-2.5), and tyrosine (-2.3).

[0091] It is understood that an amino acid can be substi-
tuted for another having a similar hydrophilicity and pro-
duce a biologically or immunologically modified protein. In
such changes, the substitution of amino acids whose hydro-
philicity values are within +2 is preferred, those that are
within £1 are particularly preferred, and those within +0.5
are even more particularly preferred.

[0092] As outlined above, amino acid substitutions gen-
erally are based on the relative similarity of the amino acid
side-chain substituents, for example, their hydrophobicity,
hydrophilicity, charge, size, and the like. Exemplary substi-
tutions that take into consideration the various foregoing
characteristics are well known to those of skill in the art and
include: arginine and lysine; glutamate and aspartate; serine
and threonine; glutamine and asparagine; and valine, leucine
and isoleucine.

[0093] Other Composition Components

[0094] In other embodiments of the invention, the com-
position may comprise an additional immunostimulatory
agent or nucleic acids encoding such an agent. Immunos-
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timulatory agents include but are not limited to an additional
antigen, an immunomodulator, an antigen presenting cell or
an adjuvant. In other embodiments, one or more of the
additional agent(s) is covalently bound to the peptide. Other
immunopotentiating compounds are also contemplated for
use with the compositions of the invention such as polysac-
charides, including chitosan. Multiple (more than one)
epitopes or peptides may be crosslinked to one another (e.g.,
polymerized).

[0095] The use of small peptides for immunization or
vaccination, may also typically require conjugation of the
peptide to a carrier peptide, polypeptide or protein confer-
ring immunogenicity or strongest immunogenicity to the
end product or the target peptide or epitope. Thus in an
embodiment of the invention, each selected peptide among
FLQFKTWWI (SEQ ID NO: 1), RLIPYDWEI (SEQ ID
NO: 2), KLIDCYTFL (SEQ ID NO: 3), YLSFIKILL (SEQ
ID NO: 4), AMIPKDWPL (SEQ ID NO: 5), YAMSNLFSI
(SEQ ID NO: 6) and SMDDQLNQL (SEQ ID NO: 7), is
conjugated or linked through peptide link to a peptide,
polypeptide or protein (additional amino acid residues) that
confers immunogenicity or strongest immunogenicity to the
conjugated product or peptide of the invention.

[0096] In an embodiment, the peptide or epitope
FLQFKTWWI (SEQ ID NO: 1), RLIPYDWEI (SEQ ID
NO: 2), KLIDCYTFL (SEQ ID NO: 3), YLSFIKILL (SEQ
ID NO: 4), AMIPKDWPL (SEQ ID NO: 5), YAMSNLFSI
(SEQ ID NO: 6) and/or SMDDQLNQL (SEQ ID NO: 7) is
present in a longer peptide or polypeptide, especially an
HERV-K peptide or polypeptide, and preferably it is the
natural longer peptide or polypeptide comprising the epitope
in the HERV-K from which the epitope originates. Longer
sequences are thus presented by way of example, with the
sequences SEQ ID NO: 8-14. In a variant, several epitopes
are part of the same longer peptide. It is also encompassed
in the invention to conjugate those longer peptides to a
peptide, polypeptide or protein that confers immunogenicity
or strongest immunogenicity to the conjugated end product.
[0097] In the immunogenic composition or vaccine
according to the invention, the peptides contained therein, or
expressed by the vector(s), are immunogenic or able to
induce a protective immune response.

[0098] If the composition or the peptide or epitope is used
for diagnosis or assay purpose, such as immunomonitoring,
then the peptide or epitope may be antigenic. Thus, in an
embodiment of the composition, the peptide or epitope
FLQFKTWWI (SEQ ID NO: 1), RLIPYDWEI (SEQ ID
NO: 2), KLIDCYTFL (SEQ ID NO: 3), YLSFIKILL (SEQ
ID NO: 4),

[0099] AMIPKDWPL (SEQ ID NO: 5), YAMSNLFSI
(SEQ ID NO: 6) and/or SMDDQLNQL (SEQ ID NO: 7), or
the peptide or epitope comprising such an epitope, is anti-
genic. The antigenic peptide or epitope may be in an
unconjugated form (it consists of the epitope sequence SEQ
ID NO: 1-7) or may be conjugated to a peptide or polypep-
tide moiety, as disclosed herein.

[0100] One of ordinary skill would know various assays to
determine whether an immune response against a tumor-
associated peptide was generated. The phrase “immune
response” includes both cellular and humoral immune
responses. Various B lymphocyte and T lymphocyte assays
are well known, such as ELISAs, cytotoxic T lymphocyte
(CTL) assays, such as chromium release assays, prolifera-
tion assays using peripheral blood lymphocytes (PBL),
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tetramer assays, and cytokine production assays. See Ben-
jamini et al. (1991), hereby incorporated by reference.
[0101] Adjuvants

[0102] As also well known in the art, the immunogenicity
of a particular immunogen composition can be enhanced by
the use of non-specific stimulators of the immune response,
known as adjuvants. Some adjuvants affect the way in which
antigens are presented. For example, the immune response is
increased when protein antigens are precipitated by alum.
Emulsification of antigens also prolongs the duration of
antigen presentation. Suitable molecule adjuvants include all
acceptable immunostimulatory compounds, such as cytok-
ines, toxins or synthetic compositions.

[0103] Exemplary, often preferred adjuvants include com-
plete Freund’s adjuvant (a non-specific stimulator of the
immune response containing killed Mycobacterium tuber-
culosis), incomplete Freund’s adjuvants and aluminum
hydroxide adjuvant. Other adjuvants that may also be used
include IL-1, IL-2, IL-4, IL-7, 1L-12, interferon, GM-CSF,
BCG, aluminum hydroxide, MDP compounds, such as thur-
MDP and nor-MDP, CGP (MTP-PE), lipid A, and mono-
phosphoryl lipid A (MPL). RIBI, which contains three
components extracted from bacteria, MPL, trehalose dimy-
colate (TDM) and cell wall skeleton (CWS) in a 2%
squalene/Tween 80 emulsion also is contemplated. MHC
antigens may even be used.

[0104] Inone aspect, an adjuvant effect is achieved by use
of'an agent, such as alum, used in about 0.05 to about 0.1%
solution in phosphate buffered saline. Alternatively, the
antigen is made as an admixture with synthetic polymers of
sugars (Carbopol®) used as an about 0.25% solution. Adju-
vant effect may also be made my aggregation of the antigen
in the vaccine by heat treatment with temperatures ranging
between about 70° to about 101° C. for a 30 second to
2-minute period, respectively. Aggregation by reactivating
with pepsin treated (Fab) antibodies to albumin, mixture
with bacterial cell(s) such as C. parvum, an endotoxin or a
lipopolysaccharide component of Gram-negative bacteria,
emulsion in physiologically acceptable oil vehicles, such as
mannide mono-oleate (Aracel A), or emulsion with a 20%
solution of a perfluorocarbon (Fluosol-DA®) used as a
block substitute, also may be employed.

[0105] Some adjuvants, for example, certain organic mol-
ecules obtained from bacteria, act on the host rather than on
the antigen. An example is muramyl dipeptide (N-acetyl-
muramyl-L-alanyl-D-isoglutamine [MDP]), a bacterial pep-
tidoglycan. MDP stimulates macrophages but also appears
to stimulate B cells directly.

[0106] In certain embodiments, hemocyanins and hemo-
erythrins may also be used in the invention. The use of
hemocyanin from keyhole limpet (KLH) is preferred in
certain embodiments, although other molluscan and arthro-
pod hemocyanins and hemoerythrins may be employed.
[0107] Various polysaccharide adjuvants may also be
used. For example, the use of various pneumococcal poly-
saccharide adjuvants on the antibody responses of mice has
been described. Polyamine varieties of polysaccharides are
particularly preferred, such as chitin and chitosan, including
deacetylated chitin.

[0108] Another group of adjuvants are the muramyl dipep-
tide (MDP, N-acetylmuramyl-L-alanyl-D-isoglutamine)
group of bacterial peptidoglycans. Derivatives of muramyl
dipeptide, such as the amino acid derivative threonyl-MDP,
and the fatty acid derivative MTPPE, are also contemplated.
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U.S. Pat. No. 4,950,645 describes a lipophilic disaccharide-
tripeptide derivative of muramyl dipeptide which is
described for use in artificial liposomes formed from phos-
phatidyl choline and phosphatidyl glycerol.

[0109] BCG (bacillus Calmette-Guerin, an attenuated
strain of Mycobacterium) and BCG-cell wall skeleton
(CWS) may also be used as adjuvants, with or without
trehalose dimycolate. Trehalose dimycolate may be used
itself. BCG is an important clinical tool because of its
immunostimulatory properties

[0110] Amphipathic and surface active agents, e.g.,
saponin and derivatives such as QS21 (Cambridge Biotech),
form yet another group of adjuvants for use with the
immunogens of the present invention. Nonionic block copo-
lymer surfactants may also be employed. Oligonucleotides
are another useful group of adjuvants. Quil A and lentinen
are other adjuvants that may be used in certain embodiments
of the present invention.

[0111] Another group of adjuvants are the detoxified endo-
toxins, such as the refined detoxified endotoxin of U.S. Pat.
No. 4,866,034.

[0112] Those of skill in the art will know the different
kinds of adjuvants that can be conjugated to cellular vac-
cines in accordance with this invention and these include
alkyl lysophosphilipids (ALP); BCG; and biotin (including
biotinylated derivatives) among others. Certain adjuvants
particularly contemplated for use are the teichoic acids from
Gram-cells. These include the lipoteichoic acids (LTA),
ribitol teichoic acids (RTA) and glycerol teichoic acid
(GTA). Active forms of their synthetic counterparts may also
be employed in connection with the invention.

[0113] Adjuvants may be encoded by a nucleic acid (e.g.,
DNA or RNA). It is contemplated that such adjuvants may
be also be encoded in a nucleic acid (e.g., an expression
vector) encoding the antigen, or in a separate vector or other
construct. Nucleic acids encoding the adjuvants can be
delivered directly, such as for example with lipids or lipo-
somes. An example of such adjuvant is poly-ICLC.

[0114] Expression Vectors

[0115] The peptides according to the invention may be
produced in vivo in body’s patient.

[0116] An immunogenic composition or vaccine may con-
tain RNA or DNA encoding one or more of the peptides as
described above, such that the peptide is generated in situ.
The RNA or the DNA may be present within any of a variety
of delivery systems known to those of ordinary skill in the
art, including nucleic acid expression systems (nude DNA or
plasmid, RNA vector), bacterial or viral expression systems.
Appropriate nucleic acid expression systems contain the
necessary RNA or DNA sequences for expression in the
patient (such as a suitable promoter and terminating signal).
Bacterial delivery systems involve the administration of a
bacterium (such as Bacillus-Calmette-Guerrin) that induces
expression of an immunogenic portion of the polypeptide on
its cell surface. In a preferred embodiment, the RNA or the
DNA may be introduced using a viral expression system
(e.g., vaccinia or other pox virus, retrovirus, or adenovirus),
which may involve the use of a non-pathogenic (defective),
replication competent virus. Techniques for incorporating
RNA or DNA into such expression systems are well known
to those of ordinary skill in the art. The DNA may also be
“naked,” as described, for example, in Ulmer et al., Science
259:1745-1749 (1993), and reviewed by Cohen, Science
259:1691-1692 (1993). The uptake of naked DNA may be
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increased by coating the DNA onto biodegradable beads,
which are efficiently transported into the cells.

[0117] Preferred vectors include the DNA vectors, the
RNA vectors, the viral vectors such as retroviruses, lentivi-
ruses, adenoviruses, adeno-associated viruses, poxviruses
such as vaccinia virus and attenuated poxviruses such as
Ankara (MVA), NYVAC, ALVAC, TROVAC, other viral
vectors such as sindbis virus, cytomegalovirus and herpes
simplex virus, and the bacterial vectors.

[0118] The term “expression” is used according to the
invention in its most general meaning and comprises the
production of RNA and/or peptides or polypeptides, e.g. by
transcription and/or translation. With respect to RNA, the
term “expression” or “translation” relates in particular to the
production of peptides or polypeptides. It also comprises
partial expression of nucleic acids. Moreover, expression
can be transient or stable.

[0119] There are a number of ways in which expression
vectors may be introduced into cells. In certain embodi-
ments of the invention, the expression vector comprises a
virus or engineered vector derived from a viral genome. The
ability of certain viruses to enter cells via receptor-mediated
endocytosis, to integrate into host cell genome and express
viral genes stably and efficiently have made them attractive
candidates for the transfer of foreign genes into mammalian
cells. The first viruses used as gene vectors were DNA
viruses including the papovaviruses (simian virus 40, bovine
papilloma virus, and polyoma) and adenoviruses.

[0120] A particular method for delivery of the nucleic acid
involves the use of an adenovirus expression vector.
Although adenovirus vectors are known to have a low
capacity for integration into genomic DNA, this feature is
counterbalanced by the high efficiency of gene transfer
afforded by these vectors. “Adenovirus expression vector” is
meant to include those constructs containing adenovirus
sequences sufficient to (a) support packaging of the con-
struct and (b) to ultimately express a tissue or cell-specific
construct that has been cloned therein. Knowledge of the
genetic organization or adenovirus, a 36 kb, linear, double-
stranded DNA virus, allows substitution of large pieces of
adenoviral DNA with foreign sequences up to 7 kb.
[0121] The nucleic acid may be introduced into the cell
using adenovirus assisted transfection. Increased transfec-
tion efficiencies have been reported in cell systems using
adenovirus coupled systems (Kelleher and Vos, 1994; Cotten
et al., 1992; Curiel, 1994). Adeno-associated virus (AAV) is
an attractive vector system for use in the vaccines of the
present invention. AAV has a broad host range for infectiv-
ity. Details concerning the generation and use of rAAV
vectors are described in U.S. Pat. Nos. 5,139,941 and
4,797,368, each incorporated herein by reference.

[0122] Retroviruses have promise as gene delivery vectors
in vaccines due to their ability to integrate their genes into
the host genome, transferring a large amount of foreign
genetic material, infecting a broad spectrum of species and
cell types and of being packaged in special cell-lines. In
order to construct a retroviral vector, a nucleic acid (e.g., one
encoding an antigen of interest) is inserted into the viral
genome in the place of certain viral sequences to produce a
virus that is replication-defective. In order to produce viri-
ons, a packaging cell line containing the gag, pol, and env
genes but without the LTR and packaging components is
constructed. When a recombinant plasmid containing a
cDNA, together with the retroviral LTR and packaging
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sequences is introduced into a special cell line (e.g., by
calcium phosphate precipitation for example), the packaging
sequence allows the RNA transcript of the recombinant
plasmid to be packaged into viral particles, which are then
secreted into the culture media. The media containing the
recombinant retroviruses is then collected, optionally con-
centrated, and used for gene transfer.

[0123] Lentiviruses are complex retroviruses, which, in
addition to the common retroviral genes gag, pol, and env,
contain other genes with regulatory or structural function.
Lentiviral vectors are well known in the art (see, for
example, U.S. Pat. Nos. 6,013,516 and 5,994,136). Some
examples of lentivirus include the Human Immunodefi-
ciency Viruses: HIV-1, HIV-2 and the Simian Immunodefi-
ciency Virus: SIV. Lentiviral vectors have been generated by
multiply attenuating the HIV virulence genes, for example,
the genes env, vif, vpr, vpu and nef are deleted making the
vector biologically safe.

[0124] Recombinant lentiviral vectors are capable of
infecting non-dividing cells and can be used for both in vivo
and ex vivo gene transfer and expression of nucleic acid
sequences. For example, recombinant lentivirus capable of
infecting a non-dividing cell wherein a suitable host cell is
transfected with two or more vectors carrying the packaging
functions, namely gag, pol and env, as well as rev and tat is
described in U.S. Pat. No. 5,994,136, incorporated herein by
reference. One may target the recombinant virus by linkage
of the envelope protein with an antibody or a particular
ligand for targeting to a receptor of a particular cell-type. By
inserting a sequence (including a regulatory region) of
interest into the viral vector, along with another gene which
encodes the ligand for a receptor on a specific target cell, for
example, the vector is now target-specific.

[0125] Immunogenic Composition or Vaccine Administra-
tion
[0126] To kill cells, inhibit cell growth, inhibit metastasis,

decrease tumor or tissue size and otherwise reverse or
reduce the malignant phenotype of tumor cells, using the
methods and compositions of the present invention, one
would generally administrate (or made expressed) the pep-
tides of the invention to induce T cells that are able to
recognize and kill the targeted cancer cells. The routes of
administration will vary, naturally, with the location and
nature of the lesion, and include, e.g., intradermal, transder-
mal, parenteral, intravenous, intramuscular, intranasal, sub-
cutaneous, percutaneous, intratracheal, intraperitoneal,
intratumoral, perfusion, lavage, direct injection, and oral
administration.

[0127] Intratumoral injection, or injection into the tumor
vasculature is specifically contemplated for discrete, solid,
accessible tumors. Local, regional or systemic administra-
tion also may be appropriate. For tumors of >4 cm, the
volume to be administered will be about 4-10 ml (preferably
10 ml), while for tumors of <4 cm, a volume of about 1-3 ml
will be used (preferably 3 ml). Multiple injections delivered
as single dose comprise about 0.1 to about 0.5 ml volumes.
The viral particles may advantageously be contacted by
administering multiple injections to the tumor, spaced at
approximately 1 cm intervals.

[0128] In the case of surgical intervention, the present
invention may be used preoperatively, to render an inoper-
able tumor subject to resection. Alternatively, the present
invention may be used at the time of surgery, and/or there-
after, to treat residual or metastatic disease. For example, a
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resected tumor bed may be injected or perfused with a
formulation comprising a tumor-associated peptide, poly-
peptide or construct encoding therefor. The perfusion may
be continued post-resection, for example, by leaving a
catheter implanted at the site of the surgery. Periodic post-
surgical treatment also is envisioned.

[0129] Continuous administration also may be applied
where appropriate, for example, where a tumor is excised
and the tumor bed is treated to eliminate residual, micro-
scopic disease.

[0130] Delivery via syringe or catherization is preferred.
Such continuous perfusion may take place for a period from
about 1-2 hr, to about 2-6 hr, to about 6-12 hr, to about 12-24
hr, to about 1-2 days, to about 1-2 wk or longer following the
initiation of treatment. Generally, the dose of the therapeutic
composition via continuous perfusion will be equivalent to
that given by a single or multiple injections, adjusted over a
period of time during which the perfusion occurs. It is
further contemplated that limb perfusion may be used to
administer therapeutic compositions of the present inven-
tion, particularly in the treatment of melanomas and sarco-
mas.

[0131] Treatment regimens may vary as well, and often
depend on tumor type, tumor location, disease progression,
and health and age of the patient. Obviously, certain types of
tumor will require more aggressive treatment, while at the
same time, certain patients cannot tolerate more taxing
protocols. The clinician will be best suited to make such
decisions based on the known efficacy and toxicity (if any)
of the therapeutic formulations.

[0132] An effective amount of the pharmaceutical immu-
nogenic or vaccine composition, generally, is defined as that
amount sufficient to detectably and repeatedly to ameliorate,
reduce, minimize or limit the extent of the disease or
condition or symptoms thereof. More rigorous definitions
may apply for vaccine compositions, including elimination,
eradication or cure of disease.

[0133] In certain embodiments, the tumor being treated
may not, at least initially, be resectable. Treatments with
therapeutic viral constructs may increase the resectability of
the tumor due to shrinkage at the margins or by elimination
of certain particularly invasive portions. Following treat-
ments, resection may be possible. Additional treatments
subsequent to resection will serve to eliminate microscopic
residual disease at the tumor site.

[0134] A typical course of treatment, for a primary tumor
or a post-excision tumor bed, will involve multiple doses.
The therapeutically effective daily amount of peptide (total
amount of peptide or peptides according to the invention)
administered may be in the range of 0.01 mg to 10 mg,
especially 0.025 mg to 5.0 mg, or in the range of 0.025 mg
to 1.0 mg.

[0135] The treatments may include various “unit doses.”
Unit dose is defined as containing a predetermined-quantity
of the therapeutic composition. The quantity to be admin-
istered, and the particular route and formulation, are within
the skill of those in the clinical arts and may vary depending
on the nature of the composition, either as a peptide com-
position or an expressing vector composition. A unit dose
need not be administered as a single injection but may
comprise continuous infusion over a set period of time. Unit
dose of the present invention may conveniently be described
in terms of plaque forming units (pfu) for a viral construct.
Unit doses range from 10°, 10%,10°, 105,107, 10®, 10°, 10*°,
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10", 10'2, 10'® pfu and higher. Alternatively, depending on
the kind of vector and the titer attainable, one will deliver 1
to 100, 10 to 50, 100-1000, or up to about 1x10%, 1x10°,
1x105, 1x107, 1x10%, 1x10°, 1x10'°, 1x10', 1x10'2
1x10%, 1x10™*, or 1x10"° or higher infectious viral particles
(vp) to the patient or to the patient’s cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0136] FIG. 1: A. Correlation of the expression of the 19
HERYV subtypes overexpressed in TNBC with immune sig-
natures, showing a correlation with antigen presentation,
cytotoxic and immunoregulatory pathway; positive correla-
tion is indicated by each dot (light or dark grey); B. As an
example, correlation of HERV-K 10 expression with the T
cell signature.

[0137] FIG. 2: A. Representative plots of dextramer stain-
ing of CD8+ T cells without or with stimulation by CMV
pp65 peptide (respectively, upper quadrants) and without or
with HERV peptide P5 (SEQ ID NO: 5) (respectively, lower
quadrants). B. Percentage of dextramer positive CD8+ T
cells at day 12 without or with stimulation with specific
HERYV peptides (P1 to P7—SEQ ID NO: 1 to 7) or controls
on several donors’ PBMCs.

[0138] FIG. 3: A. Representative plots of IFN-y produc-
tion by CD8+ T cells after contact with T2 cells pulsed with
negative and positive controls (upper quadrants) and HERV
peptides P1, P2, P3 (SEQ ID NO: 1, 2 and 3) (lower
quadrants) B. Percentage of IFN-y positive CD8+ T cells at
day 12 without or with stimulation with specific HERV
peptides (P1, P2 and P3 (SEQ ID NO: 1, 2 and 3) or controls
on several donors’ PBMCs.

[0139] FIG. 4: A. Representative plots of dextramer stain-
ing of CD8+ T cells without or with stimulation by CMV
pp65 peptide (respectively, upper quadrants) and without or
with HERV peptide P1 (SEQ ID NO: 1) (respectively, lower
quadrants).

[0140] B. Fold change ratio between percentage of dex-
tramer positive specific CD8+ T cells in the peptide stimu-
lated condition versus non stimulated (P1 to P7—SEQ ID
NO: 1 to 7) at day 12 on several donors’” PBMCs.

[0141] C. Representative histograms of the number of
IFN-y+ and Granzyme-I3+ spots after 12 days stimulation
and following 24h of contact with T2 cells pulsed with the
cognate peptide.

[0142] FIG. 5: A. Representative plots of IFN-y produc-
tion by CD8+ T cells after contact with T2 cells pulsed with
negative and positive controls (upper quadrants) and HERV
peptides P1, P2, P3 (SEQ ID NO: 1 to 3) (lower quadrants),
on donor a;

[0143] A (continued). representative plots of IFN-y pro-
duction by CD8+ T cells after contact with T2 cells pulsed
with negative and positive controls (upper quadrants) and
HERV peptides P4, P5, P6 and P7 (SEQ ID NO: 4 to 7)
(lower quadrants) for donor b;

[0144] B. Percentage of IFN-y positive CD8+ T cells at
day 12 without or with stimulation with specific HERV
peptides (P1 to P7—SEQ ID NO: 1 to 7) or controls on
several donors” PBMCs.

[0145] FIG. 6: A. Representative plots of dextramer stain-
ing for P1 (SEQ ID NO: 1) after sorting and expansion of
specific P1 CD8+ T cells (right quadrant) and their negative
counterpart (left quadrant).

[0146] B. Representative histograms of the number of
IFN-y+ and Granzyme-I3+ spots, after 24h of culture of the
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P1 (SEQ ID NO: 1) specific CD8+ T cells with T2 cells
pulsed with Pl or negative control (without peptide
charged).

[0147] C. Representative curves of real-time cell death
quantification in co-cultures of MDA-MB-231 cell line
(pulsed or not with the peptide of interest), with P1 (SEQ ID
NO: 1) specific CD8+ T cells or their negative counterpart.
[0148] D. Representative histograms of the percentage of
intracellular staining of IFN-y (PE) of P1 (SEQ ID NO: 1)
specific CD8+ T cells (in black) versus their negative
counterpart (non specific CD8+ T cells, in white) after 6h of
co-culture with MDA-MB-231 cell line pulsed or not with
the peptide of interest. The addition of an HLA-A2 blocking
antibody was used as a control.

[0149] FIG. 7: A. Representative schema of dextramer
positive tumor infiltrated lymphocytes (TILs) (Black quad-
rants) found in CD8 T cells expanded from TNBC dilacer-
ate. P1 to P7 (SEQ ID NO: 1 to 7) represent dextramer for
peptides 1 to 7, TNBC 1 to 4 represent 4 different patients
B. Representative schema of dextramer positive TILs (Black
quadrants) found in CD8 T cells expanded from ovarian
tumor dilacerate. P1 to P7 (SEQ ID NO: 1 to 7) represent
dextramer for peptides 1 to 7, Ovary 1 to 3 represent 3
different patients.

[0150] The invention will now be described using non-
limiting examples, referring to the drawings.
Example
[0151] Identification of HERV Sequences
[0152] HERVs DNA sequences from different families

(including HERV-K, HERV-H, HERV-W, HERV-E and
ERV3) were extracted from the Genbank database. BLAST
was used to localize these sequences on the human genome
(GRCH37), keeping the position with at least 98% of
similarity on at least 85% of the queried sequences and no
gap. 66 functional HERVs sequences have thus been iden-
tified.

[0153] Analysis of HERV Sequences in TNBC

[0154] HERVs expression was analyzed in a pre-existing
database of 84 breast cancer samples containing 42 TNBC.
Comparison was made with 56 normal beast sample (51
peritumoral and 5 mammal reduction samples). RNA was
extracted from fresh tumor biopsies performing DNAse
treatment and poly A selection. If presenting a sufficient
quality (RNA integrity number>6.5), functional HERVs
sequences are aligning with the RNAseq data.

[0155] Multiple component analysis of the 66 Human
endogenous retroviruses (HERV) subtypes was performed.
42 HERVS are expressed. 19 HERVs specifically character-
ize triple negative breast cancer (INBC) upon normal tissue
and ER+ subtypes: HERVK 10, 17, 22, 7, 6, 21, 25, 11, 20,
16, 23, 1, 5; HERVH_4, 7; and HERV3_1.

[0156] Peptide Selection and Synthesis

[0157] Common regions in the Gag and Pol shared
between the 19 overexpressed HERVs were identified after
alignement of the reads on a reference genome. Using
different epitope prediction tools (NetMHC 1 & II), potential
strong epitope binders for the most frequent MHC I and 11
alleles were identified. Among them, 7 predicted 9-mer
strong binders for HLA-A*0201 were selected and synthe-
tized: 4 Gag and 3 Pol Peptides (JPT peptide technology,
Berlin, Germany). Peptides identity was confirmed by mass
spectrometry by the seller. Purity>95% was expected and
determined by high-performance liquid chromatography.
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Lyophilised peptides were dissolved in deionized water <5%
DMSO, aliquoted and conserved at -20° C. until use.
[0158] 29mer GMX peptides (SEQ ID NO: 8-14) contain-
ing the 9-mer peptides strong binder for class I MHC (SEQ
ID NO: 1-7), plus lateral sequences of class II motifs
(10-mer on each side, except for peptide SEQ ID NO: 12,
where the sequence SEQ ID NO: 5 is on the C-terminal)
were identified and analyzed for synthesis.

[0159] Bioinformatics Analysis of the Correlations
Between HERVs Expression and T Cell Signatures

[0160] Different signatures were used to evaluate the
immune characteristics of the tumor: MCP counter signa-
tures (ref http://cit.ligue-cancernet/?p=1338&lang=en) for T
cells, CD8 T cells, NK cells, Cytotoxic lymphocytes, as well
as Fibroblasts, Neutrophils, and Endothelial cells for a
control analysis; Estimate package (http://bioinformatics.
mdanderson.org/estimate/index.html) for ImmuneScore,
StromalScore; Immunophenogram 15 for Effector cells,
immunomodulators (immune checkpoints), suppressor cells
(regulatory T cells and MDSCs). Specific genes will be also
evaluated (like OCT4, TRIM28, SETDB1) as well as EMT
signature (SSGSEA and Jean-Paul Thierry signature) and
signatures associated specifically with the tumor subtype.
Correlation between these signatures and HERVs will be
analyzed using classical statistical methods. FIG. 1A shows
a significant correlation between 19 HERVs and specific
immune signatures as antigen presentation-related, cyto-
toxic or immunomodulatory signatures. As an example,
HERV-K 10 expression strongly correlates with the T cell
signature in breast cancer (FIG. 1B).

[0161] PBMCs Culture for Specific CD8+ HERV+ Stimu-
lation
[0162] PBMCs from HLLA-A2 donors where cultured for

12 days in AIM-V medium (Thermo Fisher Scientific)
supplemented with 5% AB human serum (pool of 5 donors
from EFS Lyon, filtered) and 20 Ul/mL IL.-2 (PROLEUKIN
aldesleukine, Prometheus, Vevey, Switzerland) enriched
with 5 pg/ml of R848 (InvivoGen, San Diego, USA) and 10
ng/ml of Poly-IC (InvivoGen) and the peptide of interest
(10 uM). Cultures were performed in a 96 U-bottom wells
plate, 1.5x10° cells per well, and 20 wells were performed
for each peptide condition. 100 pl, of medium were changed
and enriched with R848, Poly-IC, IL-2 and the peptide of
interest (peptides of sequences SEQ ID NO: 1-7) to achieve
the same final concentration on day 3. IL-2 and the peptide
of interest where added on day 6 and on day 10 IL-2 only.
Positive control was cultured with 0.1 pg/mL of PP65 (JPT
peptide technology) in the dextramer experiment, a CMV
peptide that is presented by the MHC class I and specifically
stimulate CD8+ T cells. For IFN-y experiment, 0.4 pg/ml.
CEF peptide (Mabtech) were used, consisting in a pool of 23
MHC class I restricted viral peptides from human CMV,
EBV and influenza virus which stimulate CD8+ T cells to
preferentially synthetize IFN-y.

[0163] Dextramer Assay and Sorting

[0164] Onday 12, cells from same conditions were pooled
together in polypropylene tubes, washed with 2 m[L of FACS
buffer and resuspended in FACS buffer. Conditions were
stained with 10 pL of the corresponding dextramer (Immu-
dex, Copenhague, Danemark) for 15 minutes at room tem-
perature in the dark. Zombie Near Infra-Red (NIR) fixable
viability kit (Zombie NIR, biolegend, Paris, France) was
used at Yoo to assess viability. Anti CD3 (BV421, Bioleg-
end) and anti CD8 (FITC, Beckman coulter, Brea, USA)
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antibodies were then added to each condition (1o in the
assay of FIG. 2, 1/25 for FIG. 4) and left 20 minutes in the
dark at 4° C. Cells were then washed two times with 2 ml
of FACS buffer and resuspended in 350 pl. of FACS buffer
until analysis. Analysis was performed on FACS Fortessa
(BD) to discriminate multimer specific HERV CD8+ T cells.

[0165] Results in FIG. 2A show the population stained by
dextramer in non-specific (left panels) and specific (right
panels) peptide-pulsed PBMCs. In upper panels, up to 72%
of CD8+ T cells resulted positive after stimulation with the
positive control pp65 peptide from CMV vs. 2.02% in
non-stimulated PBMCs (indicating a possible presence of
memory T cells against CMV due to previous infections).
Interestingly PBMCs stimulated with a HERV peptide (e.g.
SEQ ID NO: 5 in the lower panel) resulted in a 34.2% of
dextramer positive CD8+ T cells vs. 0.04% in the non-
stimulated condition. Results obtained on four different
donors are summarized in FIG. 2B.

[0166] Results in FIG. 4A show the population stained by
dextramer in non-specific (left panels) and specific (right
panels) peptide-pulsed PBMCs. In upper panels, up to
23.40% of CD8+ T cells resulted positive after stimulation
with the positive control pp65 peptide from CMV vs. 3.63%
in non-stimulated PBMCs (indicating a possible presence of
memory T cells against CMV due to previous infections).
Interestingly PBMCs stimulated with a HERV peptide (e.g.
SEQ ID NO: 1 in the lower panel) resulted in a 0.63% of
dextramer positive CD8+ T cells vs. 0.091% in the non-
stimulated condition. Results obtained on 12 different
donors are summarized in FIG. 4B, showing a significant
increase in dextramer positive CD8+ T cells for P1, P4 and
P6 (e.g. SEQ ID NO: 1, 4, 6) and slightly for P2 and P3 (e.g.
SEQ ID NO: 2, 3)

[0167] Peptide stimulated PBMCs after the 12-day culture
were used to perform an ELISPOT assay for IFN-y and
Granzyme-f (FIG. 2C). 2.10° cells per well were put in
co-culture with T2 cell specific for the peptide of interest in
a ratio 10:1. ELISPOT was revealed after 24h showing
specific IFN-y and Granzyme-f§ spots for P1 and P6 (e.g.
SEQ ID NO: 1, 6).

[0168] Cytotoxicity Assay with T2 Cells Contact

[0169] On day 12 of PBMCs culture, T2 cells were
washed in RPMI and resuspended into AIM-V medium
(Thermo Fisher Scientific). T2 (SD Cell line) are a lympho-
blast cell line deficient in the transporter associated with
antigen processing (TAP) protein, and therefore cannot
present endogenous peptides on the class | MHC, but can be
used to monitor the CTL response to an exogenous antigen
of interest in a non-competitive environment. T2 cells were
first pulsed with HERV peptide by adding 10 pg/mL of
corresponding peptide to 2M T2 cell for 2 hours at 37° C.
PBMCs were pooled and counted and put in co-culture with
corresponding T2 cells at a respective concentration of 1:5
into a new 96 U-well plate.

[0170] After 4 hours of incubation at 37° C., cells from
co-culture were washed and pooled in V-well plate accord-
ing to their staining condition in FACS buffer. Zombie NIR
(Biolegend) was used at Y400 to assess viability. Anti CD3
(PercP, Biolegend) and anti CD8 (FITC, Beckman coulter)
antibodies were added Yio per condition and left for 25
minutes at 4° C. Cells were washed again and then fixed
with fixation/permeabilization solution kit (Invitrogen, Car-
lasbad, USA) according to the manufacturer’s instructions
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for 15 minutes at room temperature. Cells were washed two
times in FACS buffer and kept at 4° c.

[0171] On day 13, cells were permeabilized with the
permeabilization solution kit (Invitrogen) for 5 minutes at
room temperature and anti IFN-y (PE, Biolegend) antibody
was added 1/20 to the solution for additional 25 minutes at
4° C. Cells were washed two times and resuspended in 350
L of FACS buffer before FACS analysis. Analysis was
performed on FACS Fortessa (BD) to explore the specific
cytotoxicity and degranulation against T2 cells expressing
HERYV sequences.

[0172] Results in FIG. 3A show IFN-y production of
stimulated CD8+ T cells against T2 cells not pulsed (PO:
upper-left panel), pulsed with a different peptide (Pneg:
upper-central panel), or with each cognate peptide (positive
control Ppos: upper/right panel, HERV peptides of SEQ ID
NO 1, 2 and 3 in lower panels); results show a specific [FN-y
production against T2 cells expressing HERV peptides.
Results of 5 different donors are summarized in FIG. 3B,
showing an IFN-y production in ~10% (in median) of CD8+
T cell stimulated with P1 (SEQ ID NO: 1) and ~5% (in
median) of CD8+ T cells stimulated with P2 or P3 (SEQ ID
NO: 2 and 3).

[0173] Results in FIG. 5A show IFN-y production of
stimulated CD8+ T cells against T2 cells not pulsed (PO:
upper-left panel in both donor a and donor b quadrants),
pulsed with a different peptide (Pneg: upper-central panel in
both donor a and donor b quadrants), or with each cognate
peptide (positive control Ppos: upper/right panel, HERV
peptides of SEQ ID NO 1 to 3 in lower panels for donor a
and HERV peptides of SEQ ID NO 4 to 7 in lower panels for
donor b); results show a specific IFN-y production against
T2 cells expressing HERV peptides. Results of 12 different
donors are summarized in FIG. 5B, showing an IFN-y
production in a significant number of CD8+ T cells stimu-
lated with P1 (SEQ ID NO: 1), P2 and P3 (SEQ ID NO: 2
and 3) and in a moderate number of CD8+ T cells stimulated
with P6 (SEQ ID NO: 6).

[0174] Cytotoxicity of P1 Specific CD8+ T Cells

[0175] The dextramer-stained cells were sorted by FACS
Aria (BD) to separate peptide-specific CD8+ T cells from
the unspecific counterpart. Both fractions were collected and
expanded separately on feeder cells in 96 round-well plates
for 14 days. The purity of the specific versus unspecific
fraction was evaluated at day 14 (FIG. 6A) resulting in
>90% of dextramer positive CD8+ T cells in the positive
fraction versus <5% in the negative fraction. These cells
were used for the cytotoxicity experiments.

[0176] Sorted and expanded CD8+ T cells were evaluated
for their cytotoxic potential by ELISPOT assay (Cellular
technology limited, CTL). 4.10* P1 specific CD8+ T cells
were co-cultured with T2 cells previously pulsed with the
peptide P1. The number of spots counted indicates a pro-
duction of IFN-y and Granzyme-f§ (~800 spots for both
cytokines) by the P1 specific CD8+ T cells against target
cells pulsed with the cognate peptide in comparison to
negative control (FIG. 6B). These experiments indicate that
those cells are specific and functional.

[0177] The in silico analysis of HERV expression per-
formed on the cell lines HMEC (HLA-A2 human mammary
epithelial cells) and MDA-MB-231 (HLA-A2 Triple nega-
tive breast cancer cell line), showed an overexpression of
HERVs in the MDA-MB-231 cell line in comparison to the
HMEC.
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[0178] The HLA-A2 TNBC cell line MDA-MB-231 was
used as target for a real-time analysis of cell death induced
by P1 specific CD8+ T cells. 5.10° MDA-MB-231 cells were
pulsed or not with the peptide P1 and were allowed to
adhesion in 96-well plates. After adhesion P1 CD8+ T cells
or their negative counterpart (control) were added into the
wells. The co-culture was performed in the presence of the
Cytotox green dye (Essenbioscience) which enters into the
cells when the plasma membrane integrity diminishes, yield-
ing a 100-1000-fold increase in fluorescence upon binding to
deoxyribonucleic acid (DNA). The kinetics shows a very
significant increase in cell death when MDA-MB-231 are
co-cultured with the Pl-specific T cells in comparison to
their negative counterpart. As expected, a further increase of
cell death was observed when target MDA-MB-231 cells
were pulsed with P1 and co-cultured with P1-specific T cells
(probably due to an increase in the number of HLA-peptide
1 complexes on target cells) (FIG. 6C).

[0179] Furthermore, after 6 hours of co-culture between
P1 specific CD8+ T cells or their negative counterpart and
MDA-MB-231 HLA-A2 TNBC cell line, an intracellular
staining of IFN-y was performed by FACS (FIG. 6D).
Results shows an increase in the percentage of IFN-y pro-
ducing cells when the P1 specific cells are in the co-culture
in comparison to the co-cultures with the negative counter-
part. This percentage is slightly increased when MDA-MB-
231 are previously pulsed with P1. The use of an anti
HLA-A2 specific blocking antibody can reverse this effect,
demonstrating its specificity.

[0180] Altogether, these experiments show that P1-spe-
cific CD8+ T cells specifically recognize and are functional
against target cells presenting the cognate peptide (T2 cells

Oct. 28, 2021

in this experiment) and specifically recognize and kill tumor
cells expressing endogeneously HERV-derived antigens
(MDA-MB-231 TNBC cell line in this experiment).
[0181] Dextramer Staining of Tumor Infiltrated Lympho-
cytes (TILs) from TNBC and Ovarian Cancer

[0182] Tumors were dilacerated in small pieces and
digested with collagenase IV and DNAse for 45 minutes.
The cells obtained were resuspended in 5% human serum
RPMI and distributed in 96 well (5.10* cells per well).
Anti-CD3/CD28 microbeads (Miltenyi biotech) were added
to the well in a ratio of 1:4 with cells in the presence of 1L-2
(F.C. 100 IU/ml). TILs were cultured for 14 days by chang-
ing medium at day 5, 7, 9 and 12 and the number of the cells
was adapted to have 0.5x10° cells/ml.

[0183] Atday 14 a dextramer staining was performed (see
dextramer assay paragraph) for the 7 peptides of interest (P1
to P7—SEQ ID NO: 1 to 7) and dextramer specific CD8+ T
cells were identified by FACS analysis in TNBC (FIG. 7A)
and ovarian cancer (FIG. 7B). Results show that specific
CD8+ T cells for all the peptides of interest can be found in
tumors, with some variations according to the sample. This
confirms the in vivo immunogenicity of the peptides and
shows that these peptides can be naturally processed and can
elicit a detectable immune response during tumor develop-
ment. CD8+ T cells specific for P1 and P6 are more
frequently represented in the tumors and are peptides of
choice as a basis of a vaccine or immunogenic composition.
These results also militates in favor of a combination of
several peptides in order to provide for a vaccine or an
immunogenic composition that is usable in patients of
unknown status with respect to this reactivity, and preferably
comprising P1 and/or P6.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

<210> SEQ ID NO 1

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: HERV epitope

<400> SEQUENCE: 1

Phe Leu Gln Phe Lys Thr Trp Trp Ile
1 5

<210> SEQ ID NO 2

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: epitope 2

<400> SEQUENCE: 2

Arg Leu Ile Pro Tyr Asp Trp Glu Ile
1 5

<210> SEQ ID NO 3

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: epitope 3
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-continued

<400> SEQUENCE: 3

Lys Leu Ile Asp Cys Tyr Thr Phe Leu
1 5

<210> SEQ ID NO 4

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: HERV epitope 4

<400> SEQUENCE: 4

Tyr Leu Ser Phe Ile Lys Ile Leu Leu
1 5

<210> SEQ ID NO 5

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: HERV epitope 5

<400> SEQUENCE: 5

Ala Met Ile Pro Lys Asp Trp Pro Leu
1 5

<210> SEQ ID NO 6

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: HERV epitope 6

<400> SEQUENCE: 6

Tyr Ala Met Ser Asn Leu Phe Ser Ile
1 5

<210> SEQ ID NO 7

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: HERV epitope 7

<400> SEQUENCE: 7

Ser Met Asp Asp Gln Leu Asn Gln Leu
1 5

<210> SEQ ID NO 8

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide 8

<400> SEQUENCE: 8

Lys Ser Lys Ile Lys Ser Lys Tyr Ala Ser Tyr Leu Ser Phe Ile Lys
1 5 10 15

Ile Leu Leu Lys Arg Gly Gly Val Lys Val Ser Thr Lys
20 25

<210> SEQ ID NO 9
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-continued

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide 9

<400> SEQUENCE: 9

Thr Leu Leu Asp Ser Ile Ala His Gly His Arg Leu Ile Pro Tyr Asp
1 5 10 15

Trp Glu Ile Leu Ala Lys Ser Ser Leu Ser Pro Ser Gln
20 25

<210> SEQ ID NO 10

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide 10

<400> SEQUENCE: 10

Leu Ala Lys Ser Ser Leu Ser Pro Ser Gln Phe Leu Gln Phe Lys Thr
1 5 10 15

Trp Trp Ile Asp Gly Val Gln Glu Gln Val Arg Arg Asn
20 25

<210> SEQ ID NO 11

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide 11

<400> SEQUENCE: 11

Gly Pro Leu Gln Pro Gly Leu Pro Ser Pro Ala Met Ile Pro Lys Asp
1 5 10 15

Trp Pro Leu Leu Ile Ile Ile Asp Leu Lys Asp Cys Phe
20 25

<210> SEQ ID NO 12

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide 12

<400> SEQUENCE: 12

Lys Leu Ile Asp Cys Tyr Thr Phe Leu Gln Ala Glu Val Ala Asn Ala
1 5 10 15

Gly Leu Ala Ile Ala Ser Asp Lys Ile Gln Thr Ser Thr
20 25

<210> SEQ ID NO 13

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide 13

<400> SEQUENCE: 13

Trp Ile Arg Pro Thr Leu Gly Ile Pro Thr Tyr Ala Met Ser Asn Leu
1 5 10 15

Phe Ser Ile Leu Arg Gly Asp Ser Asp Leu Asn Ser Lys
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20 25

<210> SEQ ID NO 14

<211> LENGTH: 29

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: peptide 14

<400> SEQUENCE: 14

Arg Asp Val Glu Thr Ala Leu Ile Lys Tyr Ser Met Asp Asp Gln Leu
1 5 10 15

Asn Gln Leu Phe Asn Leu Leu Gln Gln Thr Val Arg Lys
20 25

<210> SEQ ID NO 15

<211> LENGTH: 522

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: polypeptide (gag)

<400> SEQUENCE: 15

Met Gly Gln Thr Lys Ser Lys Ile Lys Ser Lys Tyr Ala Ser Tyr Leu
1 5 10 15

Ser Phe Ile Lys Ile Leu Leu Lys Arg Gly Gly Val Lys Val Ser Thr
20 25 30

Lys Asn Leu Ile Lys Leu Phe Gln Ile Ile Glu Gln Phe Cys Pro Trp
35 40 45

Phe Pro Glu Gln Gly Thr Leu Asp Leu Lys Asp Trp Ser Gln Lys Glu
50 55 60

Thr Glu Gly Leu His Cys Glu Tyr Val Ala Glu Pro Val Met Ala Gln
65 70 75 80

Ser Thr Gln Asn Val Asp Tyr Asn Gln Leu Gln Glu Val Ile Tyr Pro
85 90 95

Glu Thr Leu Lys Leu Glu Glu Ser Lys Pro Arg Gly Thr Ser Pro Leu
100 105 110

Pro Ala Gly Gln Val Pro Val Thr Leu Gln Pro Gln Lys Gln Val Lys
115 120 125

Glu Asn Lys Thr Gln Pro Pro Val Ala Tyr Gln Tyr Trp Pro Pro Ala
130 135 140

Glu Leu Gln Tyr Arg Pro Pro Pro Glu Ser Gln Tyr Gly Tyr Pro Gly
145 150 155 160

Met Pro Pro Ala Pro Gln Gly Arg Ala Pro Tyr Pro Gln Pro Pro Thr
165 170 175

Arg Arg Leu Asn Pro Thr Ala Pro Pro Ser Arg Gln Gly Ser Lys Leu
180 185 190

His Glu Ile Ala Gln Glu Gly Glu Pro Pro Thr Val Glu Ala Arg Tyr
195 200 205

Lys Ser Phe Ser Ile Lys Lys Leu Lys Asp Met Lys Glu Gly Val Lys
210 215 220

Gln Tyr Gly Pro Asn Ser Pro Tyr Met Arg Thr Leu Leu Asp Ser Ile
225 230 235 240

Ala His Gly His Arg Leu Ile Pro Tyr Asp Trp Glu Ile Leu Ala Lys
245 250 255
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Ser Ser Leu Ser Pro Ser Gln Phe Leu Gln Phe Lys Thr Trp Trp Ile
260 265 270

Asp Gly Val Gln Glu Gln Val Arg Arg Asn Arg Ala Ala Asn Pro Pro
275 280 285

Val Asn Ile Asp Ala Asp Gln Leu Leu Gly Ile Gly Gln Asn Trp Ser
290 295 300

Thr Ile Ser Gln Gln Ala Leu Met Gln Asn Glu Ala Ile Glu Gln Val
305 310 315 320

Arg Ala Ile Cys Leu Arg Ala Trp Glu Lys Ile Gln Asp Pro Ser Lys
325 330 335

Glu Pro Tyr Pro Asp Phe Val Ala Arg Leu Gln Asp Val Ala Gln Lys
340 345 350

Ser Ile Ala Asp Glu Lys Ala Arg Lys Val Ile Val Glu Leu Met Ala
355 360 365

Tyr Glu Asn Ala Asn Pro Glu Cys Gln Ser Ala Ile Lys Pro Leu Lys
370 375 380

Gly Lys Val Pro Ala Gly Ser Asp Val Ile Ser Glu Tyr Val Lys Ala
385 390 395 400

Cys Asp Gly Ile Gly Gly Ala Met His Lys Ala Met Leu Met Ala Gln
405 410 415

Ala Ile Thr Gly Val Val Leu Gly Gly Gln Val Arg Thr Phe Gly Arg
420 425 430

Lys Cys Tyr Asn Cys Gly Gln Ile Gly His Leu Lys Lys Asn Cys Pro
435 440 445

Val Leu Asn Lys Gln Asn Ile Thr Ile Gln Ala Thr Thr Thr Gly Arg
450 455 460

Glu Pro Pro Asp Leu Cys Asn Glu Gln Arg Gly Gln Pro Gln Ala Pro
465 470 475 480

Gln Gln Thr Gly Ala Phe Pro Ile Gln Pro Phe Val Pro Gln Gly Phe
485 490 495

Gln Gly Gln Gln Pro Pro Leu Ser Gln Val Phe Gln Gly Ile Ser Gln
500 505 510

Leu Pro Gln Tyr Asn Asn Cys Pro Pro Pro
515 520

<210> SEQ ID NO 16

<211> LENGTH: 831

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: polypeptide (pol)

<400> SEQUENCE: 16

Asn Lys Ser Arg Lys Arg Arg Asn Arg Glu Ser Leu Leu Gly Ala Ala

Thr Val Glu Pro Pro Lys Pro Ile Pro Leu Thr Trp Lys Thr Glu Lys
20 25 30

Pro Val Trp Val Asn Gln Trp Pro Leu Pro Lys Gln Lys Leu Glu Ala
35 40 45

Leu His Leu Leu Ala Asn Glu Gln Leu Glu Lys Gly His Ile Glu Pro
50 55 60

Ser Phe Ser Pro Trp Asn Ser Pro Val Phe Val Ile Gln Lys Lys Ser
65 70 75 80
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Gly Lys Trp Arg Met Leu Thr Asp Leu Arg Ala Val Asn Ala Val Ile
85 90 95

Gln Pro Met Gly Pro Leu Gln Pro Gly Leu Pro Ser Pro Ala Met Ile
100 105 110

Pro Lys Asp Trp Pro Leu Ile Ile Ile Asp Leu Lys Asp Cys Phe Phe
115 120 125

Thr Ile Pro Leu Ala Glu Gln Asp Cys Glu Lys Phe Ala Phe Thr Ile
130 135 140

Pro Ala Ile Asn Asn Lys Glu Pro Ala Thr Arg Phe Gln Trp Lys Val
145 150 155 160

Leu Pro Gln Gly Met Leu Asn Ser Pro Thr Ile Cys Gln Thr Phe Val
165 170 175

Gly Arg Ala Leu Gln Pro Val Arg Glu Lys Phe Ser Asp Cys Tyr Ile
180 185 190

Ile His Cys Ile Asp Asp Ile Leu Cys Ala Ala Glu Thr Lys Asp Lys
195 200 205

Leu Ile Asp Cys Tyr Thr Phe Leu Gln Ala Glu Val Ala Asn Ala Gly
210 215 220

Leu Ala Ile Ala Ser Asp Lys Ile Gln Thr Ser Thr Pro Phe His Tyr
225 230 235 240

Leu Gly Met Gln Ile Glu Asn Arg Lys Ile Lys Pro Gln Lys Ile Glu
245 250 255

Ile Arg Lys Asp Thr Leu Lys Thr Leu Asn Asp Phe Gln Lys Leu Leu
260 265 270

Gly Asp Ile Asn Trp Ile Arg Pro Thr Leu Gly Ile Pro Thr Tyr Ala
275 280 285

Met Ser Asn Leu Phe Ser Ile Leu Arg Gly Asp Ser Asp Leu Asn Ser
290 295 300

Lys Arg Met Leu Thr Pro Glu Ala Thr Lys Glu Ile Lys Leu Val Glu
305 310 315 320

Glu Lys Ile Gln Ser Ala Gln Ile Asn Arg Ile Asp Pro Leu Ala Pro
325 330 335

Leu Gln Leu Leu Ile Phe Ala Thr Ala His Ser Pro Thr Gly Ile Ile
340 345 350

Ile Gln Asn Thr Asp Leu Val Glu Trp Ser Phe Leu Pro His Ser Thr
355 360 365

Val Lys Thr Phe Thr Leu Tyr Leu Asp Gln Ile Ala Thr Leu Ile Gly
370 375 380

Gln Thr Arg Leu Arg Ile Ile Lys Leu Cys Gly Asn Asp Pro Asp Lys
385 390 395 400

Ile Val Val Leu Thr Lys Glu Gln Val Arg Gln Ala Phe Ile Asn Ser
405 410 415

Gly Ala Trp Lys Ile Gly Leu Ala Asn Phe Val Gly Ile Ile Asp Asn
420 425 430

His Tyr Pro Lys Thr Lys Ile Phe Gln Phe Leu Lys Leu Thr Thr Trp
435 440 445

Ile Leu Pro Lys Ile Thr Arg Arg Glu Pro Leu Glu Asn Ala Leu Thr
450 455 460

Val Phe Thr Asp Gly Ser Ser Asn Gly Lys Ala Ala Tyr Thr Gly Pro
465 470 475 480

Lys Glu Arg Val Ile Lys Thr Pro Tyr Gln Ser Ala Gln Arg Ala Glu
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-continued

Leu

Ile

Thr

Asn

545

Thr

Asn

Glu

Phe

Gln

625

Arg

Pro

Ser

Thr
705

Ser

Gly

Gln
Asn
785

Pro

Phe

Val

Ile

Ala

530

Leu

His

Glu

Leu

Asp

610

Cys

Gly

Ser

His

Leu

690

Asp

Gln

Gln

Lys

Leu

770

Gln

Gly

Tyr

Ala

Ser

515

Leu

Leu

Ile

Gln

His

595

Val

Gln

Leu

Phe

Phe

675

Leu

Asn

Trp

Ala

Gln

755

Asn

Thr

Glu

Asn

Val

500

Asp

Ile

Gln

Arg

Ala

580

Ala

Thr

Val

Cys

Gly

660

Ile

Ser

Gly

Lys

Ile

740

Lys

Leu

Thr

Asn

Glu
820

485

Ile

Ser

Lys

Gln

Ala

565

Asp

Leu

Trp

Leu

Pro

645

Arg

Trp

Cys

Pro

Ile

725

Val

Glu

Ala

Thr

Gln

805

Pro

Thr

Ala

Tyr

Thr

550

His

Leu

Thr

Lys

His

630

Asn

Leu

Ala

Phe

Gly

710

Ser

Glu

Gly

Leu

Ser

790

Leu

Ile

Val

Tyr

Ser

535

Val

Thr

Leu

His

Gln

615

Leu

Ala

Ser

Thr

Ala

695

Tyr

His

Arg

Gly

Tyr

775

Ala

Pro

Arg

Leu

Val

520

Met

Arg

Asn

Val

Val

600

Ala

Pro

Leu

Tyr

Cys

680

Val

Cys

Thr

Thr

Asp

760

Thr

Glu

Val

Asp

Gln

505

Val

Asp

Lys

Leu

Ser

585

Asn

Lys

Thr

Trp

Val

665

Gln

Met

Ser

Thr

Asn

745

Ser

Leu

Gln

Trp

Ala
825

490

Asp

Gln

Asp

Arg

Pro

570

Ser

Ala

Asp

Gln

Gln

650

His

Ser

Gly

Lys

Gly

730

Arg

Lys

Asn

His

Ile

810

Lys

Phe

Ala

Gln

Asn

555

Gly

Ala

Ala

Ile

Glu

635

Met

Val

Thr

Val

Ala

715

Ile

Thr

Cys

Phe

Leu

795

Pro

Lys

Asp

Thr

Leu

540

Phe

Pro

Leu

Gly

Val

620

Ala

Asp

Thr

Ser

Pro

700

Phe

Pro

Leu

Thr

Leu

780

Thr

Thr

Ser

Gln

Arg

525

Asn

Pro

Leu

Ile

Leu

605

Gln

Gly

Val

Val

His

685

Glu

Gln

Tyr

Lys

Thr

765

Asn

Gly

Arg

Thr

Pro

510

Asp

Gln

Phe

Thr

Lys

590

Lys

His

Val

Thr

Asp

670

Val

Lys

Lys

Asn

Thr

750

Pro

Ile

Lys

His

Ser
830

495

Ile Asn

Val Glu

Leu Phe

Tyr Ile

560

Lys Ala
575

Ala Gln

Asn Lys

Cys Thr

Asn Pro
640

His Val
655

Thr Tyr

Lys Lys

Ile Lys

Phe Leu
720

Ser Gln
735

Gln Leu

Gln Met

Tyr Arg

Lys Ser
800

Leu Lys
815

Ala

. A composition comprising

3, 4,5, 6 or 7 peptides, or one or more expression
vector(s) that induce(s) expression of said 2, 3, 4, 5, 6
or 7 peptides in vivo, the peptides having from 9 to 100
amino acid residues, each one comprising at least one
of'the epitopes of sequences SEQ ID NO: 1-7, and each
peptide comprising at least one different epitope with
respect to the others; or

at least one peptide, or an expression vector that induces
expression of said at least one peptide in vivo, said
peptide having from 9 to 100 amino acids residues and
comprising 2, 3, 4, 5, 6 or 7 of the epitopes of sequences
SEQ ID NO: 1-7;
and a pharmaceutically acceptable vehicle or excipient.
2. The composition of claim 1, comprising or expressing
one or more peptides comprising the epitopes of sequence
SEQ ID NO: 1 and/or 6.
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3. The composition of claim 1, comprising or expressing
3, 4, 5, 6, or the 7 peptides comprising the epitopes of
sequences SEQ ID NO: 1 to 7.

4. The composition of claim 1 wherein the peptides
comprise 9 to 100, 70, 50, 40, 30, 25, or 20 amino acid
residues and at least one of said epitopes of sequence SEQ
IDNO: 1to 7.

5. The composition of claim 4, wherein each peptide of 9
to 100, 70, 50, 40, 30, 25, or 20 amino acid residues
comprises one specific epitope of SEQ ID NO: 1, 2, 3, 4, 5,
6 or7.

6. The composition of claim 1, wherein the peptide(s)
comprise(s) 9 to 100, 70, 50, 40, 30, 25, or 20 consecutive
amino acid residues of an HERV gag or pol including at least
one of said epitopes of sequence SEQ ID NO: 1 to 7.

7. The composition of claim 1, wherein the peptide(s)
comprise(s) 13, 14, 15, 16, 17, or 18, consecutive amino acid
residues of an HERV gag or pol including at least one of said
epitopes of sequence SEQ ID NO: 1 to 7.

8. The composition of claim 1, wherein the peptides are
selected from the group consisting of SEQ ID NO: 8-14 and
the composition comprises 2, 3, 4, 5, 6 or 7 of them.

9. The composition of claim 1, wherein the peptides
consistof 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
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23, 24, 25, 26, 27, 28 consecutive amino acid residues of
sequences SEQ ID NO: 8-14, including the 9-mer epitope,
and the composition comprises 2, 3, 4, 5, 6 or 7 of them.

10. Vaccine or immunogenic composition comprising the
composition of claim 1 and a pharmaceutically acceptable
vehicle or excipient and preferably an adjuvant.

11. Composition comprising Cytotoxic T Lymphocytes
(CTLs) of a patient treated with a peptide as described in
claim 1, or comprising T-cell Receptor (TCR) engineered T
cells recognizing a peptide as described in any one of claims
1-7, and a pharmaceutical vehicle.

12. Composition according to claim 1, for use in treating
cancer, in particular breast cancer, including triple negative
breast cancer, ovarian cancer, melanoma, sarcoma, terato-
carcinoma, bladder cancer, lung cancer (non small cell lung
carcinoma and small cell lung carcinoma), head and neck
cancer, colo-rectal cancer, glioblastoma and leukemias.

13. Isolated peptide selected from the group consisting of
the peptides of sequence SEQ ID NO: 2-14, and the peptides
having 10 to 100, 70, 50, 40, 30, 25, or 20 amino acids and
comprising at least one of said peptides of SEQ ID NO: 2-7.
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